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PRETACE. 


This  edition  differs  greatly  from  the  last.  Several  improve- 
mentSj  necessitated  by  tlie  progress  of  discovery,  have  been 
introduced  by  the  author;  and  I  have  specially  striven  to 
meet  the  present  wants  of  English  students.  The  language 
has  been  condensed,  the  notation  and  nomenclature  have  been 
modernized,  the  arrangement  has  been  simplified.  The  con- 
sideration of  rare  inorganic  bodies  and  of  organic  bodies  has 
been  deferred  to  the  latter  part  of  the  volume  where  a  section 
has  been  devoted  to  each.  The  grouping  of  the  metals  has 
been  harmonized  with  the  course  of  analysis.  The  course  of 
analysis  has  been  simplified  in  description,  and  the  preliminary 
examination  has  been  curtailed.  Analytical  tables  have  been 
added  at  the  end,  which  include  the  preliminary  examination 
and  the  detection  of  metals  in  soluble  mixtures.  The  tables 
constitute  merely  a  skeleton  of  the  method  given  in  the  text ; 
they  are  intended  for  the  use  of  students  who  have  made 
themselves  thoroughly  acquainted  with  the  latter. 

All  the  facts  and,  except  in  one  or  two  trivial  instances,  all 
the  processes  given  in  this  edition  have  the  authority  of 
Fresenius,  but  the  principal  changes  in  the  arrangement  have 
been  made  on  my  own  responsibility. 

A.  V. 


School  of  Chemistry, 
20,  Great  Marlborough  Street. 
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REAGENTS. 


LIST    OF  REAGENTS. 
Dry  Reagrents. 


Na,Bp, .  B,03 

In  powder. 

Microcosmic  salt  . 

NaNH.HPO, 

See  p.  5. 

Potassium  and  sodium 

carbonate 

KNaCOg 

See  p.  5. 

Potassium  chlorate 

KCIO3 

Potassium  cyanide 

KCN 

See  p.  6. 

Potassium  nitrate 

KNO3 

In  powder. 

Potassium    acid  sul- 

phate .... 

KHSO4 

See  p.  6. 

Sodium  carbonate 

NagCOg 

Commercial;  anhy- 

drous. 

Wet  Reagrents. 


Methylated  spirit. 

See  p.  6. 

Ammonium  carbonate 

(NHJ,C03 

See  p.  6. 

Ammonium  chloride  . 

NH.Cl 

1  in  5  of  water.  See 

Ammonium  hydrate] 
(or  ammonia)    .  .J 

NH,HO 

p.  7. 

1  sol.  amm.  sp.  gr.  880;, 

2  water. 

(sp.  gT.960).  Seep.  7. 

Ammonium  molybdate 

(NHJ^MoO, 

Dissolved    in  nitric 

acid.    See  p.  7. 

Ammonium  oxalate  . 

1  in  25  of  water. 

Ammonium  sulphide  . 

(NHJ^S 

See  p.  7. 

Ammonium  acid  sul- 

phite .... 

NH4HSO3 

See  p.  8. 

Barium  carbonate 

BaCOg 

See  p.  8. 

Barium  chloride  . 

BaClg 

1  in  10  of  water. 

Barium  hydrate  . 

BaHgOg 

See  p.  8. 
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Calcium  hydrate  (or] 
lime)      .     .    .  .J 
Calcium  sulphate  . 

Copper  sulphate  . 
Ferric  chloride 
Ferrous  sulphate  . 

Hydrochloric      acid,  ] 
strong    .    ,    .  .J 

Hydrochloric  acid, 
dilute  .... 

Hydrocyanic  acid  . 

Hydrofluosilicic  acid  . 

Hydrosulphuric  acid' 
(or  sulphuretted  hy- 
drogen) . 

Indigo  solution 


CaHp^ 
CaSO^ 

CuSO^ 

FeClg 

FeSO^ 

HCl 


HCl 
HCN 
H^SiF, 

HgS 


[  Saturated  solution. 
I     See  p.  8. 

Saturated  solution. 
See  p.  9. 

1  in  10  of  water. 

See  p.  9. 

Dissolved    when  re- 
quired. 
Pm'e,  sp.  gr.  1*16  (con- 
taining 32  per  cent. 
HCl).    See  p.  9 

]  sti'ong  acid,  2  water. 
See  p.  9. 
See  p.  10. 

j Gas  and  solution.  See 
{    p.  10. 


Lead  acetate  . 
Magnesium  sulphate 
Mercuric  chloride 
Nessler's  solution  . 
Nitric  acid,  strong 


Nitric  acid,  dilute 

Nitrohydrochloric  acidl 
(or  aqua  regia)  . 

Platinum  chloride 
Potassium  bichromate 
Potassium  ferricya- 

nide  

Potassium  ferrocya- 

iiide  

Potassium  hydrate  (or 

potash)  .... 


Pb(C,H30,), 
MgSO, 
HgCl, 


Indigo  dissolved  in 
strong  sulphuric 
acid  and  diluted. 

1  in  10  of  water. 

1  in  10  of  water. 

1  in  20  of  water. 


KoHgl.inKHO  See  p.  11. 


HNO. 


HNOo 


PtCl, 
K,CrO, .  CrO.. 


Pure,  sp.  gr.  1'45  (con- 
taining 77  per  cent. 
HNO3).    Seep.  11. 

1  strong  acid,  4  water. 

1  strong  nitric  acid,  4 
strong  hydrochloric 
acid.  Mixed  as  re- 
quired.   See  p.  11. 

See  p.  12. 

1  in  10  of  water. 


KgCygFe  Dissolved  as  required. 
K^CygFe        1  in  10  of  water. 


KHO 


See  p.  12. 
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x  otassiuni  nitrite  .  . 

oee  p.  A/i'. 

Potassium  sulpLocya- 

IVv^iN  o 

L  11 L  ±\J  Ui  WdLcl. 

Oliver  nitrate  .     .  . 

A  crNH 

±    ill  /CVy  Ul  VVdLUl. 

ooua  cnioricie  .     .  . 

iNjo  on 

Occ  p.  lO, 

ooG-iuni  acetate 

AToP  TT  O 
IM  aUptlj^vyg 

±  Hi  J  VJ  Ui  Wdlcl. 

ouciiuiii  cai  uoiiate  . 

Oct;  u.  AO. 

OUU.lU.LLl    UIIUIIS  UlldLt;  . 

j.\  dg  n  Jt 

1  in  10  nf*  wfltPT* 

X    lU.    .L\J    KJJL  V»Clud. 

OUU-lULLl   >SUi|JlllLlC     •  • 

dgO 

Spp  t>  18 

OCC    IJ«  xu. 

oLaLiLiuu-o  ciiiuilut;  . 

SnPl 

Spp  r»  18 

TT  SO 

2  4 

f^.nnriTnPT'Pifll       fsin  fV. 

V^wXXXXXXv^X  v^X<XX,  o 

X  Od'   ( LUllLdiiilllg  iJyj 

per  cent.  H^SOJ. 

Sulphuric  acid,  dilute 

HoSO, 

See  p.  14. 

H  SO 

See  D  14. 

H.O 

See  p.  15. 

J. 

Zn 

See  p.  15. 

Test  Papers. 

See  p.  15. 

See  p.  15. 

PHEPARATION  AND  TESTING  OF  REAGENTS. 

DRY  REAGENTS. 

Microcosmic  Salt. 

The  crystals  contain  so  much  water,  that  it  is  rather  diffi- 
cult to  make  a  bead  with  them  unless  they  are  previously 
dried.  It  is  therefore  well  to  dry  some  of  the  salt,  and  keep 
it  for  use. 

On  ignition  (in  the  loop  of  platinum  wire),  it  is  converted 
into  metaphosphate  of  sodium  (NaPOg),  water  and  ammonia 
being  given  off. 

Potassium  and  Sodium  Carbonate. 

This  consists  of  carbonate  of  potassium  and  carbonate  of 
sodium,  mixed  in  the  proportion  of  their  combining  weights. 
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It  is  preferred  to  either  of  the  carbonates  alone^  because  it 
fuses  at  a  lower  temperature.  The  mixture  must  be  pure. 
It  is  best  made  with  the  acid  carbonates,  as  these  are  easily 
obtained  pure,  and  the  excess  of  carbonic  acid  does  not  matter. 
Take  of 

Acid  carbonate  of  potassium^  in  crystals  .    20  grm. 
Acid  carbonate  of  sodium,  in  crystals  .     .    17  grm. 
Powder  separately,  and  mix. 

Potassium  Cyanide. 

Cyanide  of  potassium  is  an  exceedingly  powerful  reducing 
agent  in  the  dry  way ;  indeed  it  excels  in  its  action  almost  all 
other  reagents  of  the  same  class,  and  reduces  the  metals  not 
only  from  their  oxides,  but  also  from  their  sulphides.  The 
reduction  is  attended  in  the  former  case  with  formation  of 
cyanate  of  potassium  (KCNO),  and  in  the  latter  case  with 
formation  of  sulphocyanide  of  potassium  (KCNS). 

Potassium  Acid  Sulphate. 

Take  of 

Strong  sulphuric  acid  49  grm. 

Sulphate  of  potassium,  in  crystals  ...    87  grm. 

Heat  the  acid  in  a  porcelain  dish  till  it  nearly  boils,  then 
add  the  salt  gradually.  As  soon  as  the  fluid  is  in  a  state  of 
calm  fusion,  pour  it  onto  a  clean  stone. 


WET  REAGENTS. 
Alcohol. 

Methylated  spirit  is  sufficiently  pure.  It  contains  10  per 
cent,  of  wood  spirit.  If  it  leaves  a  solid  residue  on  evaporation^ 
it  should  be  distilled. 

Ammonium  Carbonate. 

Take  of 

Carbonate  of  ammonium,  in  lumps  .     .  170  grm. 

Solution  of  ammonia,  sp.  gr.  960     .     .  300  c.c. 

Water   to  1  litre. 

Put  the  ingredients  into  a  bottle  together,  and  shake  occa- 
sionally till  the  lumps  are  dissolved. 
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The  reaction  which  occurs  is  as  follows : — 

2(NHJ3C03 .  C02  +  2NH,HO  =  3(NH,)2C03  +  Hp. 

Ammonium  Chloride. 

If  the  solution  contains  iron,  add  ammonia,  allow  to  stand, 
filter,  and  neutralize  exactly  with  hydrochloric  acid. 

The  solution  should  leave  no  fixed  residue  on  evaporation, 
and  give  no  precipitate  or  color  with  sulphide  of  ammonium. 

Ammonium  Hydrate. 

The  solution  should  be  colorless,  and  leave  no  residue  on 
evaporation.  When  warmed  with  an  equal  volume  of  lime- 
water,  nothing  more  than  a  slight  turbidity  should  be  pro- 
duced (carbonic  acid).  When  supersaturated  with  nitric  acid, 
no  precipitate  should  be  produced  either  by  chloride  of  barium 
or  nitrate  of  silver.  Sulphuretted  hydrogen  should  not  give 
the  slightest  color  to  it. 

Ammonium  XMColybdate. 

Take  of 

Molybdate  of  ammonium     .    .    .  10  grm. 

Solution  of  ammonia,  sp.  gr.  960    .  40  c.c. 

Strong  nitric  acid   80  c.c. 

Water   80  c.c. 

Dissolve  the  salt  in  the  ammonia  by  the  aid  of  heat ;  then 
pour  the  solution  into  the  nitric  acid  and  water,  which  have 
been  previously  mixed  together. 

Ammonium  Sulphide. 

Take  some  solution  of  ammonia  (sp.  gr.  960),  and  divide  it 
in  half.  Saturate  one  half  with  sulphuretted  hydrogen,  and 
then  add  the  other  half. 

The  reactions  which  take  place  are  as  follows  : — 

NH.HO  +  HgS =NH^HS  +  H^O 
and    NH^HS  +  NH^HO  =  (NH  J^S  +  H^. 

The  solution,  which  is  at  first  colorless,  soon  becomes  yellow 
by  keeping,  from  oxidation.  The  yellow  solution  deposits 
sulphur  on  addition  of  acids.    Yellow  sulphide  of  ammonium 
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may  be  improvised  from  the  freshly-prepared  colorless  sulphide 
by  addition  of  sulphur. 

Ammonium  Acid  Sulphite. 

Take  charcoal  in  small  pieces,  and  put  it  in  a  flask,  add 
eight  times  its  weight  of  strong  sulphuric  acid,  and  heat  the 
mixture.  Pass  the  evolved  gas  first  through  a  small  empty 
bottle  and  then  into  solution  of  ammonia  (sp.  gr.  960)  till  the 
ammonia  ceases  to  take  it  up. 

Barium  Carbonate. 

Dissolve  chloride  of  barium  in  water,  boil  the  solution,  and 
add  excess  of  carbonate  of  ammonium.  Wash  the  precipitate 
by  decantation  several  times,  and  then  on  a  filter,  till  the  wash- 
ings are  free  from  chlorine.  Finally  stir  the  precipitate  up 
with  water  to  the  consistence  of  cream. 

On  dissolving  in  hydrochloric  acid,  adding  excess  of  sul- 
phuric acid,  evaporating  the  filtrate  and  igniting,  no  residue 
should  be  left. 

Barium  Hydrate. 

Take  of 

Witherite,  in  fine  powder     .    100  grm. 

Lampblack  10  grm. 

Rosin   5  grm. 

Mix  intimately  together,  and  put  in  a  crucible,  then  heat 
in  a  furnace.  Powder,  boil  in  an  iron  pot  with  water,  filter,  and 
allow  to  stand  in  a  closed  vessel.  Crystals  of  BaH202  +  8  aq. 
will  form.  Drain  them  in  a  covered  funnel,  and  dry  between 
blotting  paper.  Dissolve  1  part  of  the  crystals  in  20  parts 
of  water,  and  filter. 

The  solution  is  generally  called  baryta  water.  On  mixing 
with  excess  of  sulphuric  acid,  and  filtering,  the  filtrate  should 
leave  no  fixed  residue  on  evaporation. 


Calcium  Hydrate. 

Take  of 

Lime  10  grm. 

Water  1  litre. 

Put  into  a  bottle  together.  When  the  lime  has  slaked 
shake  the  bottle  for  two  .or  three  minutes.    After  twelve 
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hours  the  excess  of  lime  will  have  subsided,  and  the  solution  . 
may  be  drawn  off  with  a  syphon. 

The  solution  is  commonly  called  lime  water.    It  contains 
about  1  part  of  lime  in  700  parts. 

X  Calcium  Sulphate. 

Take  of 

Gypsum,  in  powder    .    .    .    10  grm. 

Water  1  litre. 

Put  into  a  bottle  and  shake  occasionally  for  some  time. 
Allow  the  undissolved  portion  to  subside,  and  decant  the  clear 
fluid. 

The  solution  contains  about  1  part  of  the  salt  in  400  parts. 

Ferric  Chloride. 

Dilute  some  strong  hydrochloric  acid  with  ten  parts  of 
water,  and  warm  the  mixture  in  a  flask  with  an  excess  of  iron 
wire.  As  soon  as  the  hydrogen  ceases  to  escape,  filter,  and 
conduct  chlorine  into  the  solution  with  frequent  agitation. 
Continue  passing  the  chlorine  till  a  drop  of  the  fluid  taken 
out  gives  no  precipitate  with  ferricyanide  of  potassium.  Finally 
heat  till  the  excess  of  chlorine  is  driven  off'. 

Hydrochloric  Acid. 

Hydrochloric  acid  must  be  colorless,  and  leave  no  residue 
on  evaporation.  If  it  turns  yellow  on  evaporation,  ferric 
chloride  is  present.  It  must  not  impart  a  blue  color  to  a 
solution  of  iodide  of  potassium  mixed  with  starch  solution 
(chlorine  or  ferric  chloride),  nor  decolorize  indigo-solution 
(chlorine),  nor  decolorize  a  fluid  made  faintly  blue  with  iodide 
of  starch  (sulphurous  acid).  When  diluted,  it  should  give  no 
precipitate  with  chloride  of  barium  (sulphuric  acid).  Hydro- 
sulphuric  acid  should  produce  no  alteration  (arsenic).  On 
neutralization  with  ammonia,  and  addition  of  sulphide  of  am- 
monium, no  change  should  take  place  (iron,  thallium). 

Hydrocyanic  Acid. 

Take  of 

Ferrocyanide  of  potassium     ....  150  grm. 

Strong  sulphuric  acid   50  c.c. 

Water   500  c.c. 
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Mix  the  acid  with  the  water,  and  allow  to  cool_,  then  pour 
the  mixture  on  the  salt  in  lumps  contained  in  a  litre  flask. 
Distil  with  a  Liebig^s  condenser.  Put  50  c.c.  of  water  in  the 
receiver.  When  300  c.c.  have  been  obtained,  stop  the  opera- 
tion. Put  two  or  three  drops  of  dilute  sulphuric  acid  into  the 
product. 

Kydrofluosilicic  Acidi 

Take  of 

Sand  100  grm. 

Fluor  spar,  in  powder     .     .    .    ]00  grm. 
Strong  sulphuric  acid.     .     .     .    350  c.c. 
Water   400  c.c. 

Wash  the  sand  from  dust,  and  dry  thoroughly.  Mix  it 
with  the  fluor  spar,  also  dry,  and  then  with  the  sulphuric  acid 
in  a  stone-ware  bottle  of  one  and  a  half  or  two  litres  capacity. 
Place  the  bottle  in  an  iron  pot  filled  with  sand.  Connect  the 
neck  of  the  bottle  with  a  small  empty  bottle,  and  the  latter 
again  with  a  wide  tube  bent  twice  at  right  angles.  Join  the 
outer  end  of  the  tube  to  a  funnel  by  means  of  Indian  rubber, 
and  immerse  the  mouth  of  the  funnel  just  into  the  water. 
Towards  the  end  of  the  process  the  heat  requires  to  be  pretty 
strong.  Fluoride  of  silicon  comes  over,  which  decomposes 
with  the  water,  forming  hydrated  silica  and  hydrofluosilicic 
acid.  The  hydrate  of  silica  would  at  once  stop  up  the  mouth 
of  the  delivery  tube  if  it  dipped  directly  in  the  water.  When 
the  evolution  of  gas  has  ceased,  throw  the  gelatinous  paste 
upon  a  linen  cloth,  squeeze  the  fluid  through,  and  afterwards 
filter  it. 

Hydrofluosilicic  acid  must  produce  no  precipitate  in  solu- 
tions of  salts  of  strontium  (sulphuric  acid). 

Kydrosulphuric  Acid. 

THE  GAS. 

Hydrosulphuric  acid  is  made  by  the  action  of  dilute  sul- 
phuric acid  upon  sulphide  of  iron.  In  large  laboratories  it 
may  be  stored  in  a  gasometer,  and  supplied  like  coal  gas.  In 
small  laboratories  it  is  made  when  required,  from  sulphide  of 
iron  and  dilute  sulphuric  acid. 

When  the  apparatus  is  done  with,  the  evolution-bottle 
should  be  washed  out,  or  the  ferrous  sulphate  produced  may 
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crystallize  in  a  mass  and  be  difficult  to  remove.  The  sulphide 
of  iron  which  remains  unacted  on  should  be  returned  to  the 
bottle^  as  it  will  do  for  next  time. 

THE  SOLUTION. 

The  solution  is  prepared  by  conducting  the  gas  into  water 
until  the  latter  is  saturated.  The  water  may  be  considered 
to  be  saturated  when,  on  closing  the  mouth  of  the  bottle  with 
the  thumb,  and  shaking  it  a  little,  a  pressure  is  felt  from 
within. 

In  contact  with  air,  the  solution  decomposes  gradually,  the 
hydrosulphuric  acid  being  converted  into  water,  sulphur,  and  a 
little  sulphuric  acid.  Therefore,  if  the  solution  is  required  to 
be  kept  for  any  length  of  time,  the  bottle  should  be  full  and 
well  closed.  The  solution  may  be  kept  for  months  if  the 
bottle  is  inverted  in  water. 

Nessler's  Solution. 

Take  of 

Iodide  of  potassium  .  .  .  .  3" 5  grm. 
Mercuric  chloride     .     .     .     .     1*6  grm. 

Water  40  c.c. 

Solution  of  potash    ....     A  sufficiency. 

Dissolve  the  iodide  of  potassium  in  10  c.c.  of  water.  Dissolve 
the  mercuric  chloride  in  30  c.c.  of  water.  Add  the  latter 
solution  to  the  former  gradually,  till  a  permanent  precipitate 
is  produced.  Then  add  solution  of  potash  till  the  fluid  measures 
100  c.c,  and  filter. 

Nitric  Acid. 

Nitric  acid  should  be  colorless  and  leave  no  residue  on 
evaporation.  When  diluted  with  plenty  of  water,  it  should 
give  no  precipitate  with  nitrate  of  silver,  or  with  chloride  of 
barium. 

Nitrohydrochloric  Acid. 

Nitric  acid  and  hydrochloric  acid  decompose  each  other,  the 
decomposition  mostly  resulting,  as  Gay-Lussac  showed,  in  the 
formation  of  two  compounds,  NOCl^  and  NOCl,  and  of  free 
chlorine  and  water.  Thus 

HNO3  +  3HC1  =  NOClo  +  CI  4-  2H,0, 
and    HNOs  +  SHCl^NOCU  CI2  +  2H2O. 
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The  presence  of  free  chlorine  makes  aqua  regia  the  most 
powerful  solvent  for  metals,  with  the  exception  of  those  which 
form  insoluble  compounds  with  chlorine.  Aqua  regia  serves 
principally  for  the  solution  of  gold  and  platinum,  and  for  the  de- 
composition of  various  sulphides,  such  as  cinnabar,  pyrites,  &c. 

Platinum  Chloride. 

Weigh  out  25  grm.  of  platinum  clippings,  and  boil  them 
with  strong  nitric  acid  for  some  time ;  then  pour  away  the 
acid  and  wash  the  clippings  with  a  little  water.  Now  digest 
at  a  gentle  heat  with  500  c.c.  of  aqua  regia,  adding  more  aqua 
regia  if  necessary,  until  the  naetal  is  dissolved.  Transfer  the 
solution  to  a  porcelain  dish,  and  evaporate  on  the  water  bath 
to  the  consistence  of  syrup ;  add  some  strong  hydrochloric 
acid,  mix,  and  evaporate  again.  The  addition  of  hydrochloric 
acid  and  second  evaporation  are  to  remove  nitric  acid.  Lastly, 
dissolve  in  water  to  500  c.c. 

Platinum  residues  may  be  worked  up  as  follows  : — Evaporate 
altogether  to  dryness,  ignite  in  an  open  clay  crucible,  to  de- 
compose the  double  salts  and  burn  off  organic  matter,  boil 
with  hydrochloric  acid,  then  with  water,  then  with  nitric  acid, 
and  wash  with  water.  The  pure  platinum  thus  obtained  is 
treated  as  above. 

Chloride  of  platinum,  when  evaporated  to  dryness  on  a  water 
bath,  should  leave  a  residue  completely  soluble  in  alcohol. 

Potassium  Hydrate, 

Take  of 

Potash   200  grm. 

Water  to  1  litre. 

Dissolve.     Allow  to  settle,  and  draw  off  the  clear  fluid. 

The  potash  of  commerce  is  generally  impure.  Where  a  pure 
caustic  alkali  is  required,  the  soda  prepared  from  sodium  seems 
to  recommend  itself. 

Potassium  Nitrite. 

In  an  iron  pan  fuse  1  part  of  nitre,  add  2  parts  of  lead, 
and  keep  stirred  with  an  iron  rod.  Even  at  a  low  red  heat 
the  lead  becomes  for  the  most  part  oxidized  and  converted  into 
a  yellow  powder.    To  oxidize  the  remainder,  the  heat  is  in- 
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creased  to  visible  redness^  and  maintained  at  that  point  for 
half  an  hour.  Allow  to  cool^  treat  with  cold  water^  filter  and 
pass  carbonic  acid  through  the  filtrate.  This  precipitates  almost 
the  whole  of  the  lead  in  solution^  the  remainder  is  removed  with 
sulphuretted  hydrogen.  Evaporate  the  clear  fluid  to  dryness, 
finally  with  stirring,  and  fuse  in  order  to  destroy  any  hyposul- 
phite of  potassium.  Dissolve  1  part  in  2  parts  of  water,  and 
neutralize  cautiously  with  acetic  acid. 

Soda  Chloride, 

Take  of 

Chloride  of  lime  100  grm. 

Water  1  litre. 

Solution  of  commercial  carbonate  of)    .      ^  . 

T  ^  A  sumciencv. 

sodmm  J 

Put  the  chloride  of  lime  into  a  bottle  with  the  water,  and 
digest  for  three  hours,  shaking  several  times.  Allow  to  stand, 
draw  off  the  clear  solution  from  the  undissolved  residue,  and 
add  carbonate  of  sodium  till  it  ceases  to  produce  a  precipitate — 
this  may  be  known  by  filtering  a  small  quantity,  and  testing 
the  filtrate  with  carbonate  of  sodium.  Finally,  allow  to  settle, 
and  draw  ofi"  the  clear  fluid  for  use. 


Sodium  Carbonate; 

Dissolve  1  part  of  the  anhydrous  salt^  or  2J  parts  of  the 
crystals,  in  7  parts  of  water. 

The  solution,  after  acidification  with  nitric  acid,  should  give 
no  precipitate  with  chloride  of  barium  or  nitrate  of  silver. 

Sodium  Sulphide. 

Take  some  solution  of  soda  (hydrate  of  sodium)  and  divide  it 
in  half.  Saturate  one  half  with  sulphuretted  hydrogen  and 
add  the  other  half. 

Stannous  Chloride. 

Take  50  grm.  granulated  tin,^  and  dissolve  it  by  digesting 
with  strong  hydrochloric  acid  in  a  flask.     Mix  the  solution 


*  Made  by  melting  grain  tin  in  a  porcelain  dish,  and  pouring  it  into 
cold  water. 
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witli  dilute  hydrocliloric  acid  till  it  measures  1  litre,  and  keep 
it  in  a  bottle  with  some  pieces  of  tin. 
This  solution  is  Kable  to  oxidation. 

Sulpburic  Acid  Dilute. 

Take  of 

Strong  sulphuric  acid.  .    .    .    200  c.c. 
Water  1  litre. 

Add  the  acid  to  the  water  with  stirring.  Allow  the  sul- 
phate of  lead  to  settle,  and  decant. 

Sulphuric  Acid  Pure. 

Take  of 

Strong  sulphuric  acid   1000  grm. 

Sulphate  of  ammonium   3  grm. 

Binoxide  of  manganese,  in  powder      .         5  grm. 

Put  the  acid  in  a  porcelain  dish,  add  the  sulphate  of  ammo- 
nium, and  heat  till  copious  fumes  of  sulphuric  acid  escape. 
This  is  done  to  destroy  any  oxides  of  nitrogen.  After  cooling, 
add  the  manganese,  and  heat  to  boiling  with  stirring,  in  order 
to  convert  any  arsenious  acid  into  arsenic  acid.  When  cool, 
pour  off  the  clear  fluid  into  a  retort  of  a  litre  capacity,  and 
distil.  The  neck  of  the  retort  must  reach  so  far  into  the 
receiver  that  the  distillate  may  drop  directly  into  its  body. 
The  receiver  should  not  be  cooled  with  water.  To  prevent 
the  neck  of  the  retort  from  touching  the  receiver,  some  long 
asbestos  may  be  used.  When  about  10  c.c.  have  been  drawn 
over,  change  the  receiver,  and  distil  oflP  three-fourths  of  the 
contents  of  the  retort.  This  method  depends  upon  the  fact 
that  sulphuric  acid  containing  arsenic  in  the  form  of  arsenic 
acid,  yields  an  arsenic-free  distillate. 

Pure  sulphuric  acid  should  leave  no  residue  upon  evaporation. 
When  solution  of  ferrous  sulphate  is  poured  upon  it  in  a  test- 
tube,  no  color  should  mark  the  plane  of  contact  of  the  two 
fluids  (nitric  acid,  peroxide  of  nitrogen) .  When  diluted  with 
twenty  parts  of  water,  it  must  not  impart  a  blue  tint  to  a  solu- 
tion of  iodide  of  potassium  mixed  with  a  solution  of  starch 
(peroxide  of  nitrogen).  Mixed  with  arsenic-free  zinc  and 
water,  it  must  yield  hydrogen  gas,  which,  on  being  passed 
through  a  red-hot  tube,  must  not  deposit  a  trace  of  arsenic. 
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When  hydrochloric  acid  is  added  to  it  in  a  test  tubCj  no  tur- 
bidity should  mark  the  plane  of  contact  (lead). 

Water,  Distilled. 

A  copper  still  and  tin  worm  should  be  used.  About  three- 
fourths  of  the  water  should  be  drawn  over. 

Zinc,  Granulated. 

Melt  scraps  of  zinc^  and  pour  in  a  thin  stream  into  a  pail 
of  cold  water. 

The  zinc  used  in  testing  for  arsenic  must  of  course  be  free 
from  that  metal.  Zinc  which  contains  arsenic  must  be  abso- 
lutely rejected  for  this  purpose,  as  it  cannot  be  purified  by 
any  known  practical  process. 

TEST  PAPERS. 

The  paper  should  be  prepared  as  below,  and  cut  into  slips 
of  1  by  5  cm. 

Ziitmus  Paper. 

Digest  20  grm.  litmus,  with  100  c.c.  water  for  some  days, 
shaking  occasionally ;  then  filter.  To  the  filtrate  add  slight 
excess  of  nitric  acid  and  boil ;  then  neutralize  exactly  with 
potash.  Now  make  a  weak  solution  of  gelatine  by  boiling 
1  part  of  isinglass  with  50  parts  of  water,  draw  white  blotting 
paper  through  this  and  hang  it  up  to  dry.  When  dry,  paint 
one  side  with  the  above  solution  of  litmus. 

This  paper  has  a  neutral  tint,  and  is  very  delicate. 

Turmeric  Paper. 

Digest  one  part  of  bruised  turmeric  at  a  gentle  heat,  with 
6  parts  of  a  mixture  of  equal  parts  of  spirit  and  water.  Filter, 
and  paint  white  sized  paper  on  one  side  with  this  tincture. 
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LIST  OF  APPARATUS. 

Basket  for  test-tubes. 
Beakers. 
Berlin  crucibles. 
Berlin  dishes. 

Blowpipe.  ^ 

Boiling  tubes  (large  test-tubes^  8  by  1  inch). 

Bunsen  lamp. 

Charcoal. 

Corks. 

Crucible  tongs. 

Files,  rat-tail  and  triangular. 

Filters,  cut,  2,  3|,       5^^  inches  diameter. 

Filter- stand. 

Funnels,  1,  2,  2 J,  3  inches  diameter. 
Glass  rods. 

Glass  tubing,  soft  and  hard. 
Pestle  and  mortar,  porcelain. 
Platinum  crucible  and  cover. 
Platinum  wires  fixed  in  glass  tubes. 
Sulphuretted  hydrogen  apparatus. 
Test-tubes. 

Test-tube  holder,  wooden. 

Test-tube  stand. 

Tobacco-pipe  triangles. 

Triangular  tripod. 

Vulcanite  spatula  (7  inches  long). 

Vulcanized  tubing. 

Wash-bottle. 

Watch-glasses. 

Water  bath,  copper.  Hemispherical,  7  inches  diameter 
across  the  top,  with  set  of  rings. 

Wire  gauze,  iron,^  6  inches  square,  6  holes  in  inch  linear. 

*  This  is  laid  on  the  top  of  the  tripod,  and  serves  to  support  beakers, 
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Agate  mortar. 
Platinum  spatula. 
Steel  mortar. 

The  last  three  are  unnecessary  for  beginners. 

MANIPULATION. 
The  Blowpipe. 

In  testing  substances  before  the  blowpipe  we  use  ignition 
tubes,  cbarcoal_,  and  platinum  wire. 

The  ignition  tubes*  are  made  by  cutting  some  liard  glass 
tubing  of  5  mm.  bore  into  lengths  of  12  cm._,  drawing  them 
out  in  the  middle  and  sealing  them.  Each  length  thus  makes 
two  tubes  sealed  at  one  end. 

The  charcoal  should  be  free  from  fissures.  It  should  be 
sawn  into  pieces  about  10  cm.  long,  and  these  again  should 
be  sawn  in  half  longitudinally.  Before  use  a  small  semi- 
cylindrical  cavity  should  be  scooped  out  with  a  knife  on  the 
flat  side  at  one  end.  Minute  metallic  globules  are  best  de- 
tected by  cutting  out  the  part  where  they  are,  pounding  it  in 
a  mortar,  and  washing  repeatedly  by  decantation.  The  metal 
being  heavy  will  finally  remain  by  itself. 

Platinum  wire  should  not  be  too  thin  or  it  will  soon  break, 
it  should  be  cut  into  lengths  of  5  cm.  and  fused  into  pieces  of 
glass  tube  a  little  longer.  Borax  and  microcosmic  beads  are 
made  by  bending  the  end  of  the  wire  into  a  loop,  igniting  it, 
dipping  it  in  the  salt,  and  igniting  again  till  a  clear  bead  is 
obtained.  This  is  then  dipped  in  the  substance  to  be  tested.  Old 
beads  are  loosened  by  igniting  and  dipping  in  cold  water,  after 
which  they  can  readily  be  removed  by  the  fingers.  In  testing 
the  coloring  action  of  a  substance  on  flame,  a  clean  platinum  wire 
is  dipped  into  it,  and  then  held  in  the  blowpipe  (or  Bunsen)  flame; 
sometimes  the  substance  is  moistened  with  strong  hydrochloric 
acid  to  increase  its  coloring  eff^ect.  Platinum  wire  may  be  cleaned 
by  being  dipped  red  hot  into  strong  hydrochloric  acid  repeatedly. 

&c.,  during  heating.  It  does  not  protect  the  vessels  much,  and  if  the  Hame 
is  high  at  first,  glass  is  apt  to  crack.  A  safer  support  consists  of  the  so- 
called  gauze-plate,  which  is  made  by  backing  a  piece  of  wire-gauze  with 
tin  plate.  The  piece  of  tin  should  be  a  little  larger  than  the  piece  of  gauze, 
so  that  its  edges  may  be  turned  over  to  connect  the  two. 

*  Ignition  signifies  heating  to  redness.  An  ignition  tube  is  a  tube  for 
heating  substances  to  redness  in. 
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For  operations  whicli  last  some  time,  Herapath^s  blowpipe 
is  convenient.  For  fusions  in  crucibles  and  glass  working,  we 
may  use  a  large  Herapatb  with  bellows  worked  by  the  foot. 

Powdering*. 

A  porcelain  mortar  is  generally  used  for  this  purpose.  Very 
hard  minerals  must  be  broken  up  with  a  hammer,  then  reduced 
to  a  coarse  powder  in  a  steel  crushing  mortar,  and  finally 
rubbed  down  in  an  agate  mortar.  In  powdering  minerals,  a 
little  sieve  made  of  a  piece  of  muslin  and  a  chip  box  with 
both  the  ends  pushed  out  will  be  found  of  service. 

Precipitation. 

Precipitation  signifies  the  sudden  reduction  of  a  dissolved 
body  to  the  solid  state,  no  matter  whether  it  sinks  to  the 
bottom  or  rises  to  the  top,  or  remains  suspended  in  the  fluid. 
The  solid  body  separated  is  called  the  precipitate,  and  the 
substance  which  acts  as  the  immediate  cause  of  separation  is 
called  the  precipitant.  The  terms  turbid  and  cloudy  are 
employed  to  designate  the  state  of  a  fluid  which  contains  a 
precipitate  so  finely  divided  and  so  inconsiderable  in  amount, 
that  the  suspended  particles  although  impairing  the  trans- 
parency of  the  fluid  yet  cannot  be  clearly  distinguished. 

Separation  of  Precipitates  from  Fluids. 

Under  this  head  we  have  the  following  operations : — Filtra- 
tion, Decantation,  Washing. 

Filtration. 

Filtration  is  the  passing  of  a  liquid  through  a  porous  sub- 
stance, or  filter. 

The  filter  consists  of  a  properly  folded  piece  of  filter  paper 
which  is  placed  in  a  funnel.  The  paper  should  be  cut  into  a 
circle,  then  folded  into  a  quadrant  and  opened  into  a  cone. 
The  funnel  either  rests  in  a  test-tube  or  wide-mouthed  bottle,* 

*  A  few  eiglit-ounce  white  round  bottles  will  be  found  useful  for  filtering 
larger  quantities  of  fluid,  or  for  supporting  a  filter  during  the  washing  of 
a  precipitate.  They  are  cheaper  and  less  fragile  than  beakers.  Of  course 
they  are  of  no  use  for  boiling. 
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or  is  supported  in  a  filter-stand.  The  funnel  should  be  of 
such  a  shape  that  the  paper  may  fit  closely  to  its  sides.  The 
filtered  fluid  is  called  the  filtrate.  If  the  filtrate  is  at  first 
turbid  it  is  returned  to  the  filter. 

Note  on  filters. — Round  filter  papers  can  be  bought  already 
cutj  or  may  be  made  at  home  from  fine  white  blotting  paper  with 
the  aid  of  Mohr^s  filter  pat-  Fm.  i. 

terns  (fig.  1.)  This  little  ap- 
paratus is  made  of  tin  plate, 
and  consists  of  two  parts,  b 
is  a  quadrant  fitting  in  a, 
whose  straight  edges  are 
turned  up,  and  which  is 
slightly  larger  than  b.  The  sheets  of  filter  paper  are  first 
cut  up  into  squares,  which  are  folded  in  quarters  and  placed  in 
A  j  then  B  is  placed  on  the  top,  and  the  free  edge  of  the  paper 
is  cut  off"  with  scissors.  Three  pairs  of  these  patterns  may 
be  procured  of  48,  58,  and  68  mm.  radius  respectively. 

If  filtering  paper  is  to  be  used  for  very  delicate  analysis  it 

Fig.  2. 


requires  washing  with  acid  and  water.  For  this  purpose  the 
apparatus  shown  in  the  figure  will  be  found  convenient,    a  is 


c  2 
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a  bottle  with  the  bottom  out ;  a  and  b  are  glass  plates ;  between 
these  lie  the  filters  which  have  been  previously  cut  and  folded. 
The  bottle  is  filled  with  dilute  hydrochloric  acid,  in  which  the 
filters  are  allowed  to  soak  for  twelve  hours  ;  the  acid  is  then 
run  oflP  and  replaced  by  water.  After  an  hour  this  is  replaced 
by  fresh  water,  and  so  on  till  the  washings  are  barely  acid. 
The  washing  is  finished  with  distilled  water  ;  it  is  continued 
until  the  washings  are  no  longer  rendered  turbid  by  nitrate  of 
silver.  Finally,  the  filters  are  drained,  turned  out  onto  blotting 
paper,  and  dried  in  a  sieve  in  a  warm  place. 

When  we  merely  want  to  wash  two  or  three  filters,  we  place 
them  in  a  funnel,  as  in  filtering,  one  inside  the  other,  moisten 
them  with  dilute  hydrochloric  or  nitric  acid,  and  then  wash 
them. 

Decantation. 

Decantation  is  the  pouring  of  a  fluid  from  one  vessel  to 
another.  It  is  used  instead  of  filtration  sometimes,  when  the 
precipitate  readily  falls  to  the  bottom. 

Occasionally  we  pour  off*  a  supernatant  fluid,  which  is  not 
quite  clear,  through  a  filter,  thus  combining  decantation  with 
filtration. 

Washing'. 

To  complete  the  separation  of  a  precipitate  from  extraneous 
soluble  matter,  the  fluid  adhering  has  generally  to  be  washed 
out.  The  washing  of  precipitates  collected  on  a  filter,  is  usually 
effected  by  the  aid  of  the  familiar  washing-bottle. 

In  washing  a  precipitate,  we  allow  the  bulk  of  the  fluid  to 
drain  out  before  adding  fresh  water.  If  the  bottle  is  used  for 
boiling  water,  the  neck  may  be  covered  with  several  folds  of 
flannel  bound  with  string. 

A  precipitate  is  sometimes  washed  by  decantation.  The 
supernatant  fluid  is  poured  off",  the  precipitate  shaken  up  with 
fresh  water,  allowed  to  settle  again,  and  so  on. 

If  we  have  to  wash  a  precipitate  completely,  the  washings 
must  be  tested  to  see  when  they  are  free  from  the  substance 
which  we  are  washing  out.  This  may  often  be  done  by  evapo- 
rating a  drop  on  a  platinum  knife,  or  by  mixing  a  few  drops 
with  a  drop  of  nitrate  of  silver  on  a  watch-glass,  &c. 


I 


APPARATUS  AND  MANIPULATION. 


21 


Drying'  of  Precipitates. 

The  greater  portion  of  water  adhering  to  a  precipitate  that 
has  been  collected  on  a  filter  may  be  removed  by  taking  the 
filter  out  of  the  funnel  and  pressing  it  between  blotting-paper, 
at  first  lightly,  then  heavily changing  the  blotting-paper.  A 
hot  brick  will  also  be  found  useful  to  spread  out  the  filter 
upon.  Another  way  is  to  place  the  funnel  containing  the 
precipitate  in  a  hollow  truncated  cone  of  tin  or  zinc,  and  to 
support  the  latter  on  a  wire  gauze  over  the  Bunsen  lamp 
turned  very  low.* 

Incineration  of  Filters. 

When  a  small  precipitate  has  to  be  examined  for  a  fixed 
metal,  it  is  frequently  convenient  to  incinerate  the  filter  con- 
taining it.  This  is  done  by  drying  the  filter,  rolling  it  up, 
inclosing  it  in  two  or  three  coils  of  platinum  wire,  and  holding 
it  in  the  Bunsen  flame.  The  lamp  should  be  held  sideways, 
and  a  watch-glass  or  dish  should  be  placed  under  the  burning 
filter  to  catch  the  ash. 

Dialysis. 

By  means  of  this  operation,  we  can  separate  the  class  of 
crystalloids  from  that  of  colloids  when  they  are  in  solution 
together.  To  the  former  class  belong  all  crystallizable  bodies  ; 
to  the  latter,  all  non-crystallizable  bodies^  such  as  gelatin, 
gum,  caramel,  tannin,  albumen,  &c.  This  operation  is  often 
of  considerable  service  in  chemico-legal  investigations. 

The  dialyser  is  prepared  as  follows  : — take  a  disk  of  parch- 
ment paper  30—35  cm.  in  diameter,  wet  it,  and  spread  it  over 
a  gutta-percha  hoop  5  cm.  deep,  and  20—25  cm.  in  diameter ; 
then  slip  another  hoop  over,  or  bind  the  paper  in  some  other 
way  (it  should  not  be  too  firmly  secured).  The  paper  must 
not  be  porous.  Its  soundness  may  be  tested  by  sponging  the 
upper  side  with  water^  and  observing  whether  wet  spots  show 

*  Under  these  circumstances  the  flame  is  liable  to  descend.  This  may 
be  obviated  by  laying  a  piece  of  coarse  wire  gauze  an  inch  square  on  the 
top  of  the  lamp. 


22 


REAGENTS,  APPARATUS^  AND  MANIPULATION 


on  the  other  side.  Defects  may  be  remedied  by  applying 
liquid  albumen,  and  then  coagulating  it  by  heat. 

The  dialyser  being  thus  prepared,  the  liquid  to  be  dialysed 
is  poured  into  it  so  as  to  cover  the  paper  to  a  depth  of  not 
more  than  12  mm.  The  apparatus  is  then  floated  in  a  pan, 
containing  about  four  times  as  much  water  as  the  fluid  to  be 
dialysed  amounts  to.  After  twenty-four  hours,  half  or  three- 
fourths  of  the  crystalloids  will  be  found  in  the  external  water, 
while  the  colloids  remain  in  the  dialyser — at  most  only  traces 
pass  into  the  external  fluid.  By  floating  the  dialyser  succes- 
sively on  fresh  supplies  of  water,  the  whole  of  the  crystalloids 
may  finally  be  removed. 

Evaporation. 

Evaporation  signifies  the  conversion  of  a  liquid  into  vapor. 
The  process  is  usually  conducted  in  a  porcelain  dish,  which  is 
heated  either  directly  over  the  flame  or  on  a  water-bath, 
according  to  circumstances. 

Note. — Porcelain  and  glass  are  slightly  attacked  by  the 
protracted  action  of  fluids  at  high  temperatures.  Evaporating 
liquids  are  therefore  more  or  less  contaminated  by  the  con- 
stituents of  the  vessels,  which  in  delicate  analyses  becomes  an 
annoyance.  For  details  on  this  subject  I  refer  to  the  "  Quan- 
titative Analysis.^"*  However,  it  may  be  taken  as  a  rule  that 
alkaline  fluids  should  never  be  evaporated  in  glass. 

Platinum  Crucibles. 

The  following  substances  must  not  be  put  into  platinum 
crucibles — viz.,  nitrates,  hydrates,  and  cyanides  of  potassium 
and  sodium,  metals,  sulphides,  readily  reducible  metallic  oxides, 
organic  salts  of  heavy  metals,  phosphates  in  presence  of  organic 
compounds. 

Platinum  crucibles  may  be  cleaned  by  rubbing  them  with  a 
little  moistened  pumice  powder."^  The  platinum  must  not  be 
rubbed  too  much  with  this  material,  as  it  removes  the  metal. 
If  the  stain  still  remains,  fuse  some  acid  sulphate  of  potassium 
in  the  crucible  for  some  minutes  at  a  modtrate  temperature. 

*  This  is  also  useful  for  cleaning  porcelain  and  glass  from  dirt  which  is 
not  readily  removable  by  acids. 
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DIVISION  OF  THE  METALS  INTO  GROUPS. 

If  to  a  solution  containing  all  the  common  metals  we  add 
hydrochloric  acid^  silver^  monad  mercury,  and  lead  are 
precipitated. 

On  filtering  and  passing  sulphuretted  hydrogen  through 
the  flaid,  dyad  mercury,  bismuth,  copper,  cadmium,  tin, 
antimony,  and  arsenic  are  precipitated. 

On  filtering  again  and  adding  chloride  of  ammonium  to 
prevent  the  precipitation  of  the  magnesium,  ammonia  to 
neutralize  the  excess  of  hydrochloric  acid,  and  lastly,  sulphide 
of  ammonium,  nickel,  cobalt,  iron,  manganese,  zinc,  chromium, 
and  aluminium  are  precipitated. 

On  filtering  again  and  adding  carbonate  of  ammonium, 
barium,  strontium,  and  calcium  are  precipitated. 

The  filtrate  from  the  last  precipitate  contains  the  rest  of 
the  metals  —  viz.,  magnesium,  potassium,  sodium,  and 
ammonium. 

On  these  facts  the  division  of  the  metals  into  groups  is  based 
as  follovrs  : — 

Group  I. 

metals  precipitated  by  hydrochloric  acid 
(as  chlorides). 

Silver. 

Monad  mercury. 
Lead. 
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Group  II. 

METALS  NOT  PRECIPITATED  IN  PREVIOUS  GROUP,  BUT  THROWN 
DOWN  BY  HYDROSULPHURIC  ACID  IN  PRESENCE  OF  A  MODE- 
RATE EXCESS  OF  HYDROCHLORIC  ACID  (aS  SULPHIDES). 

Division  I. 

The  sulphides  insoluble  in  sulphide  of  ammonium. 

Dyad  mercury. 
Bismuth. 
Copper. 
Cadmium. 

Division  II. 

The  sulphides  soluble  in  sulphide  of  ammonium. 

Tin. 

Antimony. 
Arsenic. 

Group  III. 

METALS  NOT  PRECIPITATED  IN  PREVIOUS  GROUPS,  BUT  THROWN 
DOWN  BY  AMMONIA  AND  SULPHIDE  OF  AMMONIUM  IN  PRE- 
SENCE OF  CHLORIDE  OF  AMMONIUM. 


(As  sulphides.)^ 


/Nickel. 
Cobalt. 
Iron. 

Manganese. 
^Zinc. 

,  .    ,    ,    ,    ,  ( Chromium. 

(As  hydrates.)-^  ... 

^  '  [Aluminium. 

Group  IV. 

METALS  NOT  PRECIPITATED  IN  PREVIOUS  GROUPS,  BUT  THROWN 
DOWN  BY  CARBONATE  OF  AMMONIUM  IN  PRESENCE  OF 
CHLORIDE  OF  AMMONIUM   (aS  CARBONATES). 

Barium. 

Strontium. 

Calcium. 


1 

I 

THE  REACTIONS  OF  THE  METALS.  27 

Group  V. 

METALS  NOT  PRECIPITATED  IN  PREVIOUS  GROUPS. 

Magnesium. 
Potassium. 
Sodium. 
Ammonium. 


THE  REACTIONS  OF  THE  METALS. 

Group  I. 

SILVER,  MONAD  MERCURY,  LEAD. 
Silver. 

DRY  REACTION. 

1.  Mixed  with  carbonate  of  sodium  and  heated  on  char' 
coal  before  the  blowpipe ;  compounds  of  silver  give  white 
brilliant  malleable  metallic  globules. 

WET  REACTIONS. 

2.  Hydrochloric  acid"^  produces  a  white  curdy  precipitate 
of  chloride  of  silver  (AgCl) .  In  very  dilute  solutions  this  re- 
agent simply  causes  a  bluish- white  opalescence  at  first ;  but 
after  long-standing  the  chloride  collects  at  the  bottom  of  the 
vessel.  By  the  action  of  light  the  chloride  first  acquires  a 
violet  color,  and  ultimately  turns  black — these  changes  are 
accompanied  by  loss  of  chlorine.  Chloride  of  silver  is  in- 
soluble in  nitric  acid,  but  dissolves  readily  in  ammonia — on 
addition  of  an  acid  to  this  solution  the  chloride  of  silver  re- 
precipitates.  Concentrated  hydrochloric  acid  and  concentrated 
solutions  of  potassium  and  sodium  chlorides,  dissolve  chloride 
of  silver  to  a  very  perceptible  extent,  more  particularly  when 
heated ;  but  the  dissolved  chloride  separates  again  on  dilution. 
Upon  exposure  to  heat  chloride  of  silver  fuses  without  decom- 
positiouj  giving  upon  cooling  a  transparent  horny  mass. 

*  As  a  test  we  use  the  dilute  acid. 
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3.  Hydrosulphuric  acid^  precipitates  black  sulphide  of  silver 
(AggS)^,  wliich  is  insoluble  in  dilute  acids,  alkalies,  alkaline 
sulphides,  and  cyanide  of  potassium.  Boiling  nitric  acid  dis- 
solves this  precipitate  readily,  with  separation  of  sulphur. 

4.  Sulphide  of  ammonium  produces  the  same  precipitate. 

5.  Potash  precipitates  oxide  of  silver  (AggO)  as  a  greyish 
brown  powder,  insoluble  in  excess  of  the  precipitant,  soluble 
in  ammonia. 

6.  Ammonia^  added  in  small  quantity  to  neutral  solutions, 
throws  down  the  oxide,  which  readily  dissolves  in  excess  of  the 
precipitant. 

ZMConad  XKIercury. 

DRY  REACTIONS. 

1.  The  compounds  volatilize  when  heated  in  an  ignition 
tube. 

2.  If  a  mixture  of  an  anhydrous  compound  of  mercury  and 
dry  carbonate  of  sodiumf  is  introduced  into  an  ignition  tube, 
covered  with  a  little  dry  carbonate  of  sodium,  and  then  heated 
in  the  blowpipe  flame,  the  mercury  sublimes,  forming  a  grey 
ring.  The  bottom  of  the  tube  may  be  broken  off"  by  the  aid 
of  a  file,  and  then  the  sublimate  may  be  united  into  distinct 
globules  by  rubbing. 

WET  REACTIONS. 

3.  Hydrochloric  acid  precipitates  mercurous  chloride 
(HgCl)  as  a  fine  white  powder.  Cold  hydrochloric  acid  and 
cold  nitric  acid  fail  to  dissolve  the  precipitate ;  it  dissolves, 
however,  upon  long-continued  boiling  with  these  acids,  but 
only  with  difficulty,  being  converted  by  the  former  into  mer- 
curic chloride  and  metallic  mercury,  which  separates,  and  by 
the  latter  into  mercuric  chloride  and  mercuric  nitrate.  Aqua 
regia  and  chlorine-water  dissolve  the  mercurous  chloride 
readily,  converting  it  into  mercuric  chloride.  Ammonia  and 
potash  decompose  mercurous  chloride,  the  former  transforms 
it  into  NHgHggCl,  and  the  latter  into  mercurous  oxide. 

4.  Hydrosulphuric  acid  produces  a  black  precipitate  of 

*  As  a  test  we  generally  use  the  solution, 
t  The  carbonate  of  sodium  must  be  thoroughly  dried  by  ignition  on  a 
broken  piece  of  j)orc£lain. 
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mercurous  sulphide  (HggS),  whicli  is  insoluble  in  dilute  acids, 
sulphide  of  ammonium,  and  cyanide  of  potassium.  Sulphide 
of  sodium  (NagS)  in  presence  of  caustic  soda,  dissolves  this 
precipitate  with  separation  of  metallic  mercury ;  sulphide  of 
sodium  containing  excess  of  sulphur  dissolves  it  without  sepa- 
ration of  metallic  mercury;  the  solutions  contain  mercuric 
sulphide.  When  boiled  with  concentrated  nitric  acid,  mer- 
curous sulphide  gives  up  part  of  its  mercury,  and  a  white 
compound  [Hg(N03)2 +  2HgS]  is  formed.  Mercurous  sul- 
phide is  readily  dissolved  by  aqua  regia. 

5.  Sulphide  of  ammonium  produces  the  same  precipitate. 

6.  Potash  produces  a  black  precipitate  of  mercurous  oxide 
(HggO),  insoluble  in  excess  of  the  precipitant. 

7.  Ammonia  produces  a  black  precipitate  of  a  complicated 
composition,  insoluble  in  excess  of  the  precipitant. 

8.  If  a  drop  of  a  mercurous  solution  is  put  on  a  clean 
plate  of  copper f  and  washed  off  after  some  time,  a  spot  will  be 
produced  which,  on  being  gently  rubbed,  will  appear  bright 
and  shining  like  silver.  The  application  of  a  gentle  heat  to 
the  copper  causes  the  mercury  to  volatilize,  and  thus  removes 
the  silvering. 

9.  Stannous  chloride  produces  a  grey  precipitate  of  metallic 
mercury.  By  decanting  the  supernatant  fluid  and  boiling  the 
deposit  with  hydrochloric  acid,  distinct  globules  will  be 
obtained. 

Ziead« 

DRY  REACTION. 

1.  Mixed  with  carbonate  of  ^  sodium,  and  heated  on 
charcoal  before  the  blowpipe,  compounds  of  lead  give  mal- 
leable metallic  globules. 

WET  REACTIONS. 

2.  Hydrochloric  acid  produces  in  somewhat  strong  solu- 
tions a  heavy  white  precipitate  of  chloride  of  lead  (PbClg), 
soluble  in  a  large  amount  of  water,  especially  when  heated. 
The  chloride  of  lead  is  converted  by  ammonia  into  a  basic  salt 
(PbClg .  3PbO  -h  HgO),  also  a  white  powder,  but  almost  abso- 
lutely insoluble  in  water.  In  dilute  nitric  and  hydrochloric 
acids,  chloride  of  lead  is  more  difficultly  soluble  than  in  water. 

3.  Hydrosulphuric  acid  produces  a  black  precipitate  of 
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sulphide  of  lead  (PbS),  which  is  insoluble  in  cold  dilute  acids, 
alkalies,  alkaline  sulphides,  and  cyanide  of  potassium.  It  is 
decomposed  by  hot  nitric  acid.  If  the  acid  is  dilute  the  whole 
of  the  lead  is  obtained  in  solution  as  nitrate,  and  sulphur 
separates ;  if  the  acid  is  fuming,  the  sulphide  of  lead  is  con- 
verted completely  into  sulphate  (insoluble).  In  solutions 
containing  a  large  quantity  of  free  hydrochloric  acid,  hydro- 
sulphuric  acid  sometimes  produces  a  red  precipitate ;  this  con- 
sists of  chloride  and  sulphide  of  lead  ;  it  is  converted  into  the 
black  sulphide  by  excess  of  hydrosulphuric  acid. 

4.  Sulphide  of  ammonium  produces  the  same  precipitate. 

5.  Potash  throws  down  a  white  precipitate  of  basic  salt, 
which  is  soluble  in  excess  of  the  precipitant. 

6.  Ammonia  throws  down  a  white  precipitate  of  basic  salt, 
which  is  insoluble  in  excess  of  the  precipitant.  If  the  am- 
monia is  free  from  carbonic  acid  a  precipitate  is  not  at  once  pro- 
duced in  acetate  of  lead,  owing  to  the  formation  of  a  soluble 
basic  acetate. 

7.  Carbonate  of  sodium  produces  a  white  precipitate  of 
basic  carbonate  of  lead  {e.g.  GPbCOg .  PbHgOg)  which  is  not 
quite  insoluble  in  excess  of  the  precipitant,  especially  on  warm- 
ing, but  is  insoluble  in  cyanide  of  potassium. 

8.  Sulphuric  acid  produces  a  white  precipitate  of  sulphate 
of  lead  (PbSOJ,  nearly  insoluble  in  water  and  dilute  acids. 
From  dilute  solutions,  especially  from  such  as  contain  much 
free  acid,  the  sulphate  of  lead  may  not  precipitate  until  after 
a  long  time.  It  is  advisable  to  add  a  considerable  excess  of 
dilute  sulphuric  acid,  sulphate  of  lead  being  more  insoluble  in 
dilute  sulphuric  acid  than  in  water.  The  separation  of  small 
quantities  of  sulphate  of  lead  is  best  effected  by  evaporating, 
after  the  addition  of  the  sulphuric  acid,  on  a  water-bath,  and 
then  treating  the  residue  with  spirit  of  wine.  Sulphate  of 
lead  is  slightly  soluble  in  strong  nitric  acid ;  it  dissolves  with 
some  difficulty  in  boiling  strong  hydrochloric  acid,  more  readily 
in  potash.  It  dissolves  also  pretty  readily  in  the  solutions  of 
some  of  the  salts  of  ammonium,  particularly  in  acetate  of 
ammonium;  dilute  sulphuric  acid  reprecipitates  it  from  these 
solutions. 

9.  Bichromate  of  potassium  produces  a  yellow  precipitate 
of  chromate  of  lead  (PbCrOJ,  readily  soluble  in  potash,  diffi- 
cultly soluble  in  dilute  nitric  acid. 
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Group  II.    Division  I. 
DYAD  MERCURY.     BISMUTH.     COPPER.  CADMIUM. 

Dyad  mercury. 

DRY  REACTIONS. 

The  same  as  those  of  monad  mercury, 

WET  REACTIONS. 

1.  Hydro  sulphuric  acid  if  added  ia  small  quantity  pro- 
duces, after  shaking,  a  perfectly  white  precipitate,  a  larger 
quantity  causes  the  precipitate  to  turn  yellow,,  and  an  excess 
produces  a  black  precipitate  of  mercuric  sulphide  (HgS). 
This  peculiarity  is  characteristic  of  mercuric  solutions.  The 
white  precipitate  consists  of  mercuric  sulphide,  with  the  unde- 
composed  salt ;  as  ^ore  sulphide  is  formed  so  the  color  of 
the  precipitate  deepens.  Sulphide  of  ammonium  only  dis- 
solves traces  of  mercuric  sulphide,  the  least  mercury  is 
dissolved  when  the  sulphide  is  digested  hot  with  yellow  sul- 
phide of  ammonium.  Potash  and  cyanide  of  potassium  do  not 
dissolve  mercuric  sulphide.  It  is  altogether  insoluble  in  hydro- 
chloric acid  and  in  nitric  acid,  even  upon  boiling.  It  dissolves 
completely  in  sulphide  of  sodium  in  presence  of  soda;  it  is 
readily  dissolved  by  aqua  regia. 

2.  Sulphide  of  ammonium  acts  in  the  same  way. 

3.  Potash  added  in  excess  produces  a  yellow  precipitate  of 
mercuric  oxide  (HgO),  insoluble  in  excess  of  the  precipitant. 
In  very  acid  solutions  the  precipitation  is  far  from  complete. 
In  presence  of  salts  of  ammonium,  a  white  precipitate,  similar 
to  that  produced  by  ammonia  alone,  is  thrown  down. 

4.  Ammonia  produces  a  white  precipitate.  In  the  case  of 
mercuric  chloride  this  consists  of  NgH^HggClg. 

5.  Metallic  copper  reacts  with  mercuric  salts  in  the  same 
way  as  with  mercurous  salts. 

6.  If  a  little  galvanic  element,  made  out  of  a  slip  of  pla- 
tinum foil  and  a  slip  of  tin  foil,  joined  at  one  end  with  a 
wooden  clamp  and  otherwise  apart  from  each  other,  is  intro 
duced  into  a  mercuric  solution,  acidified  with  hydrochloric  acid, 
all  the  mercury  will  gradually  be  precipitated  by  preference 
upon  the  platinum.    On  removing  the  foils,  drying  and  heating 


32 


REACTIONS  AND  SEPARATION. 


strongly  in  an  ignition  tube^  globules  of  mercury  will  be  ob- 
tained,, which  may  be  more  distinctly  seen  under  the  micro- 
scope. On  heating  this  mercury  with  a  fragment  of  iodine, 
it  will  be  converted  into  red  mercuric  iodide. 

7.  Stannous  chloride  added  in  small  quantity  to  a  mercuric 
solution  containing  hydrochloric  acid,  produces  a  white  pre- 
cipitate of  mercurous  chloride,  which  turns  grey  on  addition 
of  excess  of  the  reagent,  being  converted  into  metallic  mer- 
cury. When  the  grey  precipitate  has  subsided,  the  super- 
natant fluid  may  be  poured  olF,  and  the  residue  boiled  with 
hydrochloric  acid  and  a  little  stannous  chloride,  in  order  to 
obtain  the  mercury  in  the  form  of  visible  globules. 

Bismuth. 

DRY  REACTION. 

1.  Compounds  of  bismuth  mixed  witb  carbonate  of  sodium 
and  heated  on  charcoal  in  the  inner  flame  of  the  blowpipe, 
yield  brittle  metallic  globules. 

WET  REACTIONS. 

2.  Hydrosulphuric  acid  produces  a  black  precipitate  of 
sulphide  of  bismuth  (BigSg),  which  is  insoluble  in  dilute  acids, 
alkalies,  alkaline  sulphides,  and  cyanide  of  potassium,  but  is 
readily  dissolved  by  boiling  nitric  acid. 

3.  Sulphide  of  ammonium  produces  the  same  precipitate. 

4.  Potash  throws  down  hydrate  of  bismuth,  as  a  white 
precipitate  insoluble  in  excess  of  the  precipitant. 

5.  Ammonia  throws  down  the  same  precipitate,  also  in- 
soluble in  excess  of  the  precipitant. 

6.  Carbonate  of  ammonium  throws  down  a  basic  carbonate 
of  the  composition  BigOg .  COg,  as  a  white  bulky  precipitate, 
insoluble  in  excess  of  the  precipitant  and  also  in  cyanide  of 
potassium. 

7.  Bichromate  of  potassium  precipitates  a  chromate  of  bis- 
muth (BigOg .  2Cr03)  as  a  yellow  powder.  This  substance 
differs  from  chromate  of  lead  in  being  readily  soluble  in  dilute 
nitric  acid  and  insoluble  in  potash. 

8.  Dilute  sulphuric  acid  fails  to  precipitate  solutions  of 
bismuth.    On  evaporating  with  an  excess  of  sulphuric  acid  on 
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the  water-bath  to  dryness,  a  white  saline  mass  is  left,  which 
readily  dissolves  in  water  acidified  with  sulphuric  acid.  After 
standing,  perhaps,  for  several  days,  a  basic  sulphate  of  bismuth 
(BigOg .  S03  +  2aq.)  separates  from  this  solution  in  white  micro- 
scopic needles,  which  are  soluble  in  nitric  acid. 

9.  Water  precipitates  basic  salts  if  there  is  not  too  much 
free  acid  present.  This  reaction  is  the  most  sensitive  with  the 
chloride  of  bismuth,  as  the  basic  chloride  (BiClg .  BigOg)  is 
almost  absolutely  insoluble  in  water.  Hence  when  water  fails 
to  precipitate  a  nitric  acid  solution  of  bismuth  from  the  pre- 
sence of  too  much  free  acid,  a  precipitate  will  generally  appear 
immediately  upon  addition  of  chloride  of  ammonium.  Presence 
of  tartaric  acid  does  not  interfere  with  the  precipitation  of 
solutions  of  bismuth  by  water. 

Copper. 

DRY  REACTIONS. 

1.  If  copper,  either  in  the  metallic  state  or  in  combination, 
is  held  in  the  Bunsen  flame,  the  latter  acquires  a  magnificent 
green  color.  Addition  of  hydrochloric  acid  considerably 
heightens  the  beauty  of  this  very  delicate  reaction,  as  it  occa- 
sions the  appearance  of  an  azure  colour. 

2.  A  mixture  of  a  compound  of  copper  with  carbonate  of 
sodium  and  cyanide  of  potassium,  exposed  on  charcoal  to  the 
inner  blowpipe  flame,  gives  metallic  copper. 

3.  The  borax  bead,  held  in  the  outer  blowpipe  flame,  is 
colored  by  compounds  of  copper.  The  bead  is  green  while 
hot,  and  blue  when  cold. 

WET  REACTIONS. 

4.  Hydro  sulphuric  acid  produces  a  brownish-black  precipi- 
tate of  sulphide  of  copper  (CuS).  It  is  insoluble  in  dilute  acids 
and  caustic  alkalies.  Hot  sulphide  of  sodium  fails  to  dissolve 
it,  or  dissolves  it  only  to  a  very  trifling  extent ;  it  is  a  little 
more  soluble  in  sulphide  of  ammonium,  especially  when  the 
latter  is  yellow  and  hot.  Sulphide  of  copper  is  readily  dissolved 
by  boiling  nitric  acid,  but  it  is  entirely  unacted  upon  by  boiling 
dilute  sulphuric  acid.  It  dissolves  completely  in  cyanide  of 
potassium. 
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5.  Sulphide  of  ammonium  produces  the  same  precipitate. 

6.  Potash^  produces  a  light  blue  bulky  precipitate  of  hydrate 
of  copper  (CuHgOg).  On  boiling  in  presence  of  excess  of  potash, 
the  precipitate  turns  black  immediately,,  at  the  same  time  be- 
coming denser.  This  change  takes  place  in  the  cold  after  some 
time,  if  the  solution  is  very  concentrated.  It  depends  upon 
the  conversion  of  the  CuHgOg  into  3CuO  .  HgO. 

7.  Carbonate  of  sodium^  produces  a  greenish  blue  precipitate 
of  basic  carbonate  of  copper  (CuCOg .  CUH2O2),  which,  upon 
boiling,  changes  to  brownish-black  hydrated  oxide.  It  dissolves 
in  ammonia  to  an  azure,  and  in  cyanide  of  potassium  to  a 
colorless  fluid. 

8.  Ammonia,  added  in  small  quantity  to  neutral  solutions, 
produces  a  greenish-blue  precipitate  of  a  basic  salt.  This  pre- 
cipitate redissolves  upon  further  addition  of  the  reagent  to  a 
clear  fluid  of  a  magnificent  azure  color.  The  blue  color  is  per- 
ceptible in  very  dilute  solutions.  Potash  produces  in  such  blue 
solutions  in  the  cold,  after  the  lapse  of  some  time,  a  precipitate 
of  blue  hydrate  of  copper ;  but  upon  boiling,  this  reagent  pre- 
cipitates the  whole  of  the  copper  as  black  hydrated  oxide. 

9.  Carbonate  of  ammonium  gives  the  same  reactions  as 
ammonia. 

10.  Ferrocyanide  of  potassium  produces  a  reddish-brown 
precipitate  of  ferrocj^anide  of  copper  (CugCygFe),  which  is  in- 
soluble in  dilute  acids,  but  is  decomposed  by  potash.  In 
very  dilute  solutions  the  reagent  produces  only  a  reddish 
coloration. 

11.  Metallic  iron,  wh^n  brought  into  contact  with  concen- 
trated solutions  of  copper,  is  almost  immediately  coated  with 
metallic  copper.  Very  dilute  solutions  produce  this  coating  only 
after  some  time.    A  little  free  acid  accelerates  the  reaction. 

12.  If  to  a  solution  of  copper  in  a  platinum  crucible  lid  a 
little  hydrochloric  acid  is  added,  and  then  a  piece  of  zinc,  the 
platinum  will  soon  become  coated  with  copper ;  this  coating  is 
clearly  visible  even  in  the  case  of  very  dilute  solutions. 

13.  If  a  piece  of  iron  wire  is  inserted  into  a  spiral  formed 

*  In  the  presence  of  non- volatile  organic  acids,  the  salts  of  copper  are 
not  precipitated  by  potash  or  carbonate  of  sodium ;  the  solutions  produced 
are  deep  blue.  In  solutions  containing  sugar,  or  a  similar  organic  sub- 
stance, potash  produces  a  precipitate  soluble  -in  excess ;  carbonate  of 
sodium,  however,  gives  a  permanent  precipitate. 
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from  a  rather  stout  platinum  wire^,  and  the  whole  is  then  placed 
in  a  slightly  acidified  solution  of  copper,  the  platinum  wire  will 
after  some  time  be  found  to  be  coated  with  copper. 

Cadmium. 

WET  REACTIONS. 

1.  Hydrosulphuric  acid  produces   a  bright  yellow  pre- 
cipitate of  sulphide  of  cadmium  (CdS),  which  is  insoluble  in. 
dilute  acids,  alkalies,  alkaline  sulphides,  and  cyanide  of  potas- 
sium.    It  is  readily  dissolved  by  boiling  nitric  acid,  by  boiling 
hydrochloric  acid,  and  by  boiling  sulphuric  acid. 

2.  Sulphide  of  ammonium  produces  the  same  precipitate. 

3.  Potash  produces  a  white  precipitate  of  hydrate  of  cad- 
mium (CdHgOg),  which  is  insoluble  in  an  excess  of  the  pre- 
cipitant. 

4.  Ammonia  produces  the  same  precipitate.  It  is  readily 
soluble  in  an  excess  of  this  reagent. 

5.  Carbonate  of  sodium  produces  a  white  precipitate  of 
carbonate  of  cadmium  (CdCOg),  which  is  insoluble  in  excess 
of  the  precipitant.  Salts  of  ammonium  interfere  with  the 
precipitation  notably ;  ammonia  prevents  it.  The  precipitate 
dissolves  readily  in  cyanide  of  potassium.  From  dilute  solu- 
tions the  precipitate  separates  only  after  some  time.  Warming 
assists  the  separation. 

6.  Carbonate  of  ammonium  produces  the  same  precipitate, 
also  insoluble  in  excess  of  the  precipitant. 

Group  II. — Division  II. 
TIN.     ANTIMONY.  ARSENIC, 
Tin. 

DRY  REACTION. 

1.  Compounds  of  tin  fused  with  carbonate  of  sodium  and 
cyanide  of  potassium  on  charcoal  give  malleable  globules  of 
metallic  tin. 

WET  REACTIONS. 
Dyad  Tin. 

2.  Hydrosulphuric  acid  produces  in  acid  solutions  a  dark 
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brown  precipitate  of  hydrated  stannous  sulphide  (SnS)^  which 
IS  insoluble,,  or  nearly  so^  in  colorless  sulphide  of  ammonium, 
but  dissolves  readily  in  the  yellow  sulphide.  Acids  precipitate 
from  this  solution  yellow  stannic  sulphide,  mixed  with  sulphur. 
Stannous  sulphide  dissolves  also  in  potash  ;  acids  precipitate 
from  this  solution  the  stannous  sulphide  unchanged.  Boiling 
hydrochloric  acid  dissolves  it ;  boiling  nitic  acid  converts  it 
into  insoluble  metastannic  acid  (SnH^OJ. 

3.  Potash  produces  a  white  bulky  precipitate  of  stannous 
hydrate  (SnH^Oo)  which  redissolves  readily  in  excess  of  the 
precipitant.  If  the  solution  is  briskly  evaporated  a  compound 
of  stannic  oxide  and  potash  is  formed,  which  remains  in  solu- 
tion, while  metallic  tin  precipitates ;  but  upon  evaporating  it 
slowly,  crystalline  anhydrous  stannous  oxide  separates. 

4.  Ammonia  produces  the  same  precipitate,  insoluble  in 
excess  of  the  precipitant. 

5.  Carbonate  of  ammonium  produces  the  same  precipitate 
insoluble  in  excess  of  the  precipitant. 

6.  Mercuric  chloride,  added  in  excess,  produces  a  white 
precipitate  of  mercurous  chloride.    See  p.  32,  7,  top. 

7.  Zinc  precipitates  from  solutions  containing  excess  of 
hydrochloric  acid,  metallic  tin  in  the  form  of  grey  laminae  or 
a  spongy  mass.  If  the  experiment  is  conducted  in  a  platinum 
dish  the  latter  is  not  colored  black. 

Tetrad  Tin. 

Note. — There  are  two  series  of  stannic  compounds,  the 
stannic  and  the  metastannic.  The  stannic  hydrate  precipitated 
by  alkalies  from  stannic  chloride  dissolves  readily  in  hydro- 
chloric acid,  but  the  stannic  acid  obtained  by  the  action  of 
nitric  acid  on  tin  does  not  dissolve  in  hydrochloric  acid.  If, 
however,  this  stannic  acid  is  boiled  with  hydrochloric  acid  for 
a  short  time,  it  takes  up  acid,  and  on  pouring  off  the  super- 
natant liquid  and  adding  water  to  the  residue,  a  solution  is 
obtained.  The  aqueous  solution  of  the  ordinary  stannic 
chloride  is  not  precipitated  by  strong  hydrochloric  acid,  whilst 
the  metastannic  chloride  is  precipitated  unchanged  from  its 
aqueous  solution  by  this  acid.  The  solution  of  the  ordinary 
stannic  chloride  is  not  turned  yellow  by  stannous  chloride,  but 
if  it  contains  metastannic  chloride  it  is  turned  yellow  (Lowen- 
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thal).  The  dilute  solutions  of  the  stannic  chlorides  when 
boiled,  yield  stannic  hydrate  or  metastannic  acid,  as  the  case 
may  be. 

1.  Hydrosulphuric  acid  throws  down  from  acid  solutions, 
particularly  upon  heating,  a  white  flocculent  precij^itate  if  the 
stannic  solution  is  in  excess,  a  faintly  yellow  precipitate  if  the 
hydrosulphuric  acid  is  in  excess.  The  former  precipitate  may 
be  safely  assumed  to  be,  in  the  case  of  stannic  chloride,  a 
mixture  of  stannic  chloride  and  sulphide ;  the  latter  pre- 
cipitate consists  of  hydrated  stannic  sulphide  (SnS^).  The 
stannic  sulphide  dissolves  readily  in  potash,  alkaline  sulphides, 
boiling  strong  hydrochloric  acid,  and  aqua  regia.  It  dissolves 
with  some  difficulty  in  ammonia,  and  is  nearly  insoluble  in 
carbonate  of  ammonium,  and  in  acid  sulphite  of  potassium.  It 
dissolves  readily  in  sulphide  of  ammonium ;  from  this  solution 
acids  precipitate  the  stannic  sulphide  unaltered.  Concentrated 
nitric  acid  converts  it  into  insoluble  metastannic  acid  (SnH^OJ. 
Upon  deflagrating  stannic  sulphide  with  nitrate  and  carbonate 
of  sodium,  stannic  oxide  and  sulphate  of  sodium  are  formed. 

2.  Potash  produces  a  white  precipitate,  which,  according 
to  the  nature  of  the  solution,  consists  of  stannic  hydrate  or 
metastannic  acid.  Both  dissolve  readily  in  excess  of  the  pre- 
cipitant. 

3.  Ammonia  produces  the  same  precipitate. 

4.  Carbonate  of  ammonium  produces  the  same  precipitate. 

5.  Sulphate  of  sodium,  or  nitrate  of  ammonium  (in  fact, 
most  neutral  salts  of  the  alkali  metals),  when  added  in  excess, 
throw  down  from  solutions  of  both  varieties,  provided  they  are 
not  too  acid,  the  whole  of  the  tin  as  stannic  hydrate  or  meta- 
stannic acid.     Heating  promotes  the  precipitation. 

6.  Zinc  precipitates  from  solutions  containing  excess  of 
hydrochloric  acid,  metallic  tin  in  the  form  of  grey  laminae  or 
of  a  spongy  mass.  If  the  experiment  is  conducted  in  a 
platinum  vessel  the  latter  is  not  colored  black. 

Antimony. 

DRY  REACTION. 

I.  Compounds  of  antimony  mixed  with  carbonate  of  sodium 
and  exposed  on  charcoal  to  the  reducing  blowpipe-flame,  yield 
brittle  globules  of  metallic  antimony. 
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WET  REACTIONS. 

2.  Hydrosulphuric  acid  added  to  acid  solutions  produces 
an  orange-red  precipitate  of  antiinonious  sulphide  (SbgSg). 
The  precipitate  is  readily  dissolved  by  potash  and  by  alkaline 
gulphides_,  especially  if  the  latter  contain  an  excess  of  sulphur. 
It  is  but  sparingly  soluble  in  ammonia^  and_,  if  free  from  anti- 
monic  sulphide,  almost  insoluble  in  acid  carbonate  of  am- 
monium. It  is  insoluble  in  dilute  acids  and  in  acid  sulphite 
of  potassium.  Boiling  strong  hydrochloric  acid  dissolves  it. 
By  heating  in  the  air  it  is  converted  into  a  mixture  of 
binoxide  of  antimony  and  antimonious  sulphide.  By  defla- 
gration with  nitrate  and  carbonate  of  sodium  it  gives  sulphate 
of  sodium  and  antimoniate  of  sodium  (NagSbgOg).  On  fusing 
antimonious  sulphide  with  cyanide  of  potassium  metallic  anti- 
mony is  obtained.  If  the  operation  is  conducted  in  an  igni- 
tion-tube,  or  in  a  stream  of  carbonic  acid,  no  sublimate  of 
antimony  is  produced.  But  if  a  mixture  of  sulphide  of  anti- 
mony with  cyanide  of  potassium  and  carbonate  of  sodium  is 
heated  in  a  glass  tube  in  a  stream  of  hydrogen,  a  mirror  of 
antimony  is  deposited  in  the  tube  immediately  in  front  of  the 
spot  occupied  by  the  mixture. 

3.  Potash^  throws  down  a  white  bulky  precipitate  of  anti- 
monious oxide  (SbgOg),  which  redissolves  pretty  readily  in 
excess  of  the  precipitant. 

4.  Ammonia'^  produces  the  same  precipitate,  which  is  almost 
insoluble  in  excess  of  the  precipitant. 

5.  Carbonate  of  ammonium^  produces  the  same  precipitate. 

6.  Zinc  precipitates  metallic  antimony  as  a  black  powder, 
if  free  nitric  acid  is  absent.  If  a  few  drops  of  a  solution  of 
antimony  are  put  into  a  platinum  crucible  lid,  with  a  little 
hydrochloric  acid  and  a  piece  of  zinc,  hydrogen  containing 
antimonetted  hydrogen  is  evolved  and  antimony  separates, 
staining  the  platinum  brown  or  black,  even  in  the  case  of  very 
dilute  solutions.  This  reaction  is  exceedingly  delicate  and 
characteristic.  Cold  hydrochloric  acid  fails  to  remove  the 
stain ;  heating  with  nitric  acid  removes  it  immediately. 

7.  If  a  minute  quantity  of  antimony  in  solution  is  intro- 

*  These  reagents  precipitate  tartar-emetic  very  imperfectly. 
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duced  into  an  apparatus  evolving  hydrogen^  and  fitted  with  a 
jet,  part  of  the  antimony  will  be  precipitated  as  metal  and 
remain  in  the  apparatus,  while  part  will  escape  with  the 
hydrogen  in  the  form  of  antimonetted  hydrogen  (SbHg).  If 
the  escaping  gas  is  lighted,  and  a  porcelain  dish  is  held  in  the 
flame,  a  black  stain  or  mirror  of  antimony  will  be  deposited 
on  the  dish.  If  the  jet  tube  is  bent  at  right  angles  and 
heated  at  some  little  distance  from  the  end,  a  mirror  will  be 
formed  in  the  tube  on  both  sides  of  the  heated  part. 

Arsenic  gives  a  similar  mirror  when  treated  as  above.  It 
is  therefore  necessary  to  be  able  to  distinguish  between  the 
two.  The  mirror  on  the  porcelain  is  best  tested  with  a  drop 
of  chloride  of  soda — this  does  not  dissolve  the  antimony 
mirror,  while  it  would  at  once  dissolve  an  arsenic  mirror. 
The  mirror  in  the  tube  gives  the  following  reactions : — When 
heated  in  the  tube  in  the  current  of  hydrogen  it  only  vola- 
tilizes at  a  high  temperature,  and  the  hydrogen  then  escaping 
is  devoid  of  garlic  odor ;  when  the  hydrogen  is  lighted  it  only 
deposits  spots  on  porcelain  if  the  current  of  gas  is  strong ;  and 
the  mirror  before  volatilizing  fuses  to  shining  globules  dis- 
tinctly visible  with  a  lens.  But  the  most  satisfactory  way  of 
proving  the  identity  of  the  antimony  mirror  in  the  tube,  is  by 
conducting  a  very  slow  current  of  dry  sulphuretted  hydrogen 
through  the  tube  and  heating  the  mirror,  moving  the  lamp  in 
the  opposite  direction  to  that  of  the  current.  The  antimony 
mirror  is  by  this  means  converted  into  antimonious  sulphide, 
which  appears  of  a  more  or  less  reddish-yellow  color,  and 
almost  black  when  in  thick  layers.  If  a  gentle  current  of 
dry  hydrochloric  acid  is  now  transmitted  through  the  tube, 
the  sulphide  of  antimony,  if  present  in  thin  layers  only,  dis- 
appears immediately ;  if  the  incrustation  is  somewhat  thick,  a 
short  time  is  required  to  dissipate  it.  The  reason  of  this  is 
that  sulphide  of  antimony  is  readily  decomposed  by  hydro- 
chloric acid,  and  the  terchloride  of  antimony  formed  is  very 
volatile  in  a  stream  of  hydrochloric  acid.  If  the  gas,  as  it 
passes  out  of  the  tube,  is  conducted  into  water,  the  antimony 
is  dissolved  and  may  be  detected  with  hydrosulphuric  acid. 
By  this  combination  of  reactions,  antimony  may  be  distin- 
guished with  certainty  from  all  other  metals. 

If  hydrogen  containing  antimonetted  hydrogen  is  slowly 
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passed  into  solution  of  nitrate  of  silver^  almost  the  whole  of 
the  antimony  is  precipitated  in  the  form  of  SbAgg. 

SbHg  +  SAgNOg^  Sb      +  3HNO3. 

8.  Water  throws  down  from  solutions  of  antimony  a  pre- 
cipitate of  basic  salt.  Thus^  on  adding  water  to  solution  of 
chloride  of  antimony  in  hydrochloric  acid^  a  white  bulky  pre- 
cipitate of  basic  antimonious  chloride  (2SbCl3 .  SSbgOg)  is  pro- 
duced^ which,  after  some  time_,  becomes  heavy  and  crystalline. 
Tartaric  acid  dissolves  this  precipitate  readily  (here  antimony 
differs  from  bismuth),  and  therefore  prevents  its  formation  if 
mixed  with  the  solution  before  the  addition  of  water. 

9.  If  a  solution  of  antimonious  oxide  in  potash  is  mixed 
with  nitrate  of  silver,  a  deep  black  precipitate  of  suboxide  of 
silver  (Ag^O)  forms  along  with  the  greyish-brown  precipitate 
of  oxide  of  silver.  Upon  now  adding  ammonia  in  excess  the 
oxide  is  redissolved,  while  the  suboxide  is  left.  This  reaction 
is  very  delicate.     It  is  thus  explained : — 

Sb.Oj  +  iAgP = Sb^O,  +  2Ag,0. 

10.  When  antimonious  oxide  is  boiled  with  hydrochloric 
acid  and  iodide  of  potassium,  no  iodine  is  liberated. 

Antimouic  Acid. 

1.  Hydrosulphuric  acid  produces  in  acid  solutions  a  pre- 
cipitate of  antimonic  sulphide  (SbgS^)  mixed  with  antimonious 
sulphide  and  sulphur.  The  precipitate  dissolves  readily  when 
heated  with  potash  or  ammonia.  It  dissolves  in  boiling  strong 
hydrochloric  acid  with  evolution  of  sulphuretted  hydrogen 
and  separation  of  sulphur.  It  is  only  very  sparingly  soluble  in 
cold  acid  carbonate  of  ammonium. 

2.  With  zinc  and  in  a  hydrogen  apparatus,  solutions  of 
antimonic  acid  show  the  same  reactions  as  ordinary  solutions 
of  antimony. 

3.  If  a  solution  of  antimonic  acid  in  potash  is  mixed  with 
nitrate  of  silver  and  then  with  ammonia,  no  suboxide  of  silver  is 
left  behind. 

4.  If  antimonic  acid  is  boiled  with  hydrochloric  acid  and 
iodide  of  potassium,  iodine  is  liberated^  and  colors  the  solution 
brown. 
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Arsenic. 

DRY  REACTIONS. 

1.  Compounds  of  arsenic  heated  with  carbonate  of  sodium 
on  charcoal  in  the  inner  blowpipe  flame^  give  a  highly  cha- 
racteristic garlic  odor.     This  reaction  is  delicate. 

2.  Compounds  of  arsenic  heated  with  carbonate  of  sodium 
and  cyanide  of  potassium  in  an  ignition-tube  yield  a  sublimate 
of  metallic  arsenic  in  the  form  of  a  mirror.  It  is  best  to  blow 
the  sealed  end  of  the  ignition-tube  into  a  bulb^  and  to  proceed 
as  follows  : — Introduce  the  perfectly  dry  substance  into  the 
bulb  and  cover  it  with  five  times  its  bulk  of  the  perfectly  dry 
reducing  mixture.  The  whole  quantity  must  not  occupy  more 
than  half  the  bulb^  otherwise  when  the  mixture  fuses  it  may 
ascend  into  the  tube.  Now  heat  the  bulb  gently ;  should 
some  water  escape,  wipe  the  inside  of  the  tube  perfectly  dry 
with  a  twisted  piece  of  filter-paper.  (It  is  necessary  that  the 
mixture  and  tube  should  be  perfectly  free  from  moisture.) 
Apply  a  strong  heat  to  the  bulb  and  continue  this  for  some 
time,  as  the  arsenic  does  not  always  sublime  completely  at 
once.  This  method  is  simple,  neat,  and  delicate ;  it  is  espe- 
cially adapted  for  the  production  of  a  mirror  from  the  sulphide 
of  arsenic. 

The  delicacy  of  this  reaction  is  heightened  by  heating  the 

Fig.  3. 


mixture  in  a  current  of  dry  carbonic  acid.  The  disposition  of 
the  apparatus  is  shown  in  the  figm-e ;  A  contains  marble  and 
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water_,  and  is  supplied  with  hydrochloric  acid  through  the  funnel 
tube.  This  flask  may  be  conveniently  replaced  by  an  apparatus 
for  giving  a  constant  supply  of  the  gas_,  which  can  be  regulated 
at  will.  B  contains  sulphuric  acid ;  C  is  30  cm.  long ;  it  is 
made  of  a  piece  of  hard  glass  tube,  rather  stout,  and  of  about 
7  mm.  bore ;  fig.  4  is  an  enlarged  drawing  of  it.    When  the 


Fig.  4. 


apparatus  is  full  of  carbonic  acid,  rub  the  dry  sulphide  or  other 
compound  of  arsenic  in  a  warm  mortar  with  about  ten  parts 
of  a  well-dried  mixture  consisting  of  three  parts  of  carbonate 
of  sodium  and  one  part  of  cyanide  of  potassium.  Put  the 
powder  upon  a  narrow  slip  of  thick  paper  bent  into  the  shape 
of  a  gutter,  and  push  this  into  the  reduction  tube  down  to  e  ; 
turn  the  tube  now  half  way  round  its  axis,  which  will  cause  the 
mixture  to  drop  into  the  tube  between  e  and  d,  every  other 
part  remaining  perfectly  clean.  Connect  the  tube  with  the 
rest  of  the  apparatus,  and  pass  a  gentle  current  of  gas.  Heat 
the  reduction  tube  in  its  whole  length  very  gently,  until  the 
mixture  is  perfectly  dry.  When  every  trace  of  moisture  has 
been  expelled  from  the  tube,  and  the  current  is  passing  through 
the  sulphuric  acid  at  the  rate  of  a  bubble  a  second,  heat  the 
reduction  tube  to  redness  at  c ;  when  c  is  red  hot,  apply  the 
flame  of  another  lamp  to  the  mixture,  proceeding  from  dio  e, 
until  the  whole  of  the  arsenic  is  expelled.  By  far  the  greater 
portion  of  the  arsenic  recondenses  at  while  a  small  portion 
escapes,  and  may  be  smelt.  If  only  small  quantities  of  arsenic 
are  present,  and  the  mirror  is  thin  and  scattered,  it  may  be 
concentrated  by  moving  the  second  lamp  slowly  to  c,  then 
sealing  the  tube  at  i,  and  driving  the  arsenic  in  the  narrow 
part  of  the  tube  to  h.  In  this  manner  a  perfectly  distinct 
mirror  may  be  produced  from  '2  mgrm.  of  sulphide  of  arsenic. 
No  mirror  is  obtained  by  this  process  from  sulphide  of  anti- 
mony, or  any  other  compound  of  antimony. 

3.  The  best  way  of  identifying  arsenious  oxide  (AsgOg) 
when  unmixed  with  other  bodies  consists  in  the  two  following 
reactions : — First,  heat  in  an  ignition  tube ;  the  arsenious 
oxide  will  sublime  into  the  form  of  small  sparkling  octa- 
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hedrons  and  tetrahedrons.  Secondly,  introduce  a  fragment 
into  the  pointed  end  (a)  of  an  ignition-tube  drawn  out  as 


Fig.  5. 


shown  in  the  figure,  then  insert  a  piece  of  recently  ignited 
charcoal  [b),  and  heat  to  redness  first  the  charcoal,  afterwards 
the  arsenious  oxide.  A  mirror  of  arsenic  will  form  at  c.  If 
the  tube  is  now  cut  between  b  and  c,  and  then  heated  in  an 
inclined  position,  with  c  upwards,  the  mirror  will  volatilize, 
emitting  the  characteristic  odor.  No  other  substance  would 
give  sparkling  crystals  when  heated  in  an  ignition -tube,  and 
an  arsenical  mirror  when  heated  with  charcoal  as  described. 

WET  REACTIONS. 
Arsenious  Acid. 

4.  Hydro  sulphuric  acid  produces  in  acidified  solutions  a 
bright  yellow  precipitate  of  arsenious  sulphide  (As^Sg).  The 
precipitate  forms  at  once.  It  is  readily  dissolved  by  alkalies, 
alkaline  carbonates  and  sulphides,  and  acid  carbonates  of  the 
alkali  metals.  It  is  nearly  insoluble  in  hydrochloric  acid,  even 
when  strong  and  boiling.  It  is  readily  soluble  in  boiling  nitric 
acid.  If  recently  precipitated  arsenious  sulphide  is  digested 
with  sulphurous  acid  and  acid  sulphite  of  potassium,  the  pre- 
cipitate is  dissolved ;  upon  heating  the  solution  to  boiling  the 
fluid  turns  turbid,  owing  to  the  separation  of  sulphur,  which 
upon  continued  boiling  is  for  the  greater  part  redissolvcd. 
The  fluid  contains,  after  expulsion  of  the  sulphurous  acid, 
arsenite  and  hyposulphite  of  potassium.  The  deflagration  of 
arsenious  sulphide  with  carbonate  and  nitrate  of  sodium  gives 
rise  to  the  formation  of  arseniate  and  sulphate  of  sodium. 
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5.  Nitrate  of  silver  produces  in  neutral  solutions  a  yellow 
precipitate  of  arsenite  of  silver  (AggAsOg).  The  precipitate 
is  readily  soluble  in  nitric  acid  and  in  ammonia.  It  is  not 
insoluble  in  nitrate  of  ammonium ;  hence  if  a  small  quantity 
of  the  precipitate  is  dissolved  in  a  large  quantity  of  nitric 
acid,  and  the  latter  is  then  neutralized  by  ammonia,,  the  pre- 
cipitate does  not  make  its  appearance  again.  If  an  ammouiacal 
solution  of  arsenite  of  silver  is  boiled,  metallic  silver  separates, 
while  the  arsenious  acid  is  converted  into  arsenic  acid. 

6.  Sulphate  of  copper  produces  in  neutral  solutions  a 
yellowish-green  precipitate  of  arsenite  of  copper. 

7.  If  to  a  solution  containing  a  good  excess  of  potash,  a 
drop  or  two  of  sulphate  of  copper  is  added,  a  clear  blue  fluid 
is  obtained,  which  upon  boiling  deposits  a  red  precipitate  of 
cuprous  oxide  (CugO),  leaving  arseniate  of  potassium  in  solution. 
This  reaction  is  exceedingly  delicate  provided  not  too  much 
sulphate  of  copper  is  used.  Even  should  the  red  precipitate 
lie  so  trifling  as  to  escape  detection  by  transmitted  light,  yet 
it  will  always  be  discernible  upon  looking  in  at  the  top  of  the 
test-tube.  This  reaction  is  valuable  for  the  detection  of 
arsenious  acid  in  presence  of  arsenic  acid ;  but  it  must  be 
noticed  that  grape  sugar  and  other  organic  substances  show 
a  similar  deportment. 

8.  Reinsch\s  Test. — If  a  solution  mixed  with  hydrochloric 
acid  is  heated  with  a  clean  piece  of  copper-foil  or  wire,  an  iron 
grey  film  of  Cu^ASg  is  formed  on  the  copper,  even  in  highly 
dilute  solutions;  when  this  film  increases  in  thickness,  it  peels 
off  in  black  scales.  If  the  coated  copper  is  washed  free  from 
acid,  and  then  heated  with  ammonia,  the  film  peels  ofiP  from 
the  copper,  and  separates  in  the  form  of  minute  spangles.  If 
the  substance,  either  simply  dried,  or  oxidized  by  ignition  in  a 
current  of  air  (which  is  attended  with  the  escape  of  some 
arsenious  oxide),  is  heated  in  a  current  of  hydrogen,  there 
escapes  relatively  but  little  arsenic,  alloys  richer  in  copper 
being  left  behind. 

This  reaction  is  not  decisive  unless  arsenic  is  found  in  the 
film,  as  antimony  and  other  metals  will  precipitate  upon 
copper  under  similar  circumstances. 

9.  Marsh's  Test. — If  a  solution  is  mixed  with  zinc  and 
dilute  sulphuric  acid,  arsenetted  hydrogen  (AsHg)  is  formed  in 
the  same  manner  as  antimonetted  hydrogen  is  formed  from 
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compounds  of  antimony.  This  reaction  affords  us  a  most 
delicate  test  for  arsenic. 

The  operation  is  conducted  in  a  bottle  supplied  with  a 
funnel -tube  and  a  jet-tube ;  the  latter  should  be  bent  at  right 
angles,  and  a  wide  tube  containing  chloride  of  calcium  (to  dry 
the  gas)  should  be  intercepted  between  it  and  the  bottle.  The 
jet-tube  should  be  of  hard  glass,  free  from  lead ;  it  should  be 
rather  stout,  and  have  a  bore  of  about  7  mm.  The  operation 
is  commenced  by  evolving  a  moderate  current  of  hydrogen 
from  granulated  zinc  and  dilute  sulphuric  acid.*  When  the 
evolution  of  hydrogen  has  proceeded  for  some  time,  the  gas 
should  be  lighted. 

We  must  now  first  make  sure  that  our  zinc  and  sulphuric 
acid  are  free  from  arsenic.  This  is  done  by  depressing  a 
porcelain  dish  upon  the  flame,  so  as  to  make  it  spread  over 
the  surface;  if  the  hydrogen  contains  arsenetted  hydrogen, 
brownish,  or  brownish-black,  stains  will  appear  on  the  porce- 
lain ;  the  non-appearance  of  such  stains  may  be  taken  as  a 
proof  that  the  materials  are  free  from  arsenic.  In  very  deli- 
cate experiments,  however,  additional  evidence  is  required  to 
prove  the  absence  of  the  slightest  trace  of  arsenic  in  the  re- 
agents ;  for  this  purpose,  part  of  the  jet-tube  is  heated  to  red- 
ness, and  kept  for  some  time  in  that  state  :  if  no  arsenical 
coating  makes  its  appearance,  the  hydrogen  may  be  considered 
pure. 

The  operation  is  proceeded  with  by  pouring  the  fluid  to  be 
tested  through  the  funnel-tube  into  the  bottle,  and  afterwards 
a  little  water  to  rinse  out  the  tube.  Only  a  very  little  of  the 
fluid  should  be  poured  in  at  first,  as  when  the  quantity  of 
arsenic  present  is  considerable,  and  much  fluid  is  poured  into 
the  bottle,  the  evolution  of  gas  often  proceeds  with  such 
violence  as  to  stop  the  further  progress  of  the  experiment.  If 
a  porcelain  dish  is  now  held  in  the  flame,  metallic  arsenic 
condenses  upon  it,  in  the  same  manner  as  antimony.  The 
arsenical  mirror  is  not  quite  similar  to  the  antimony  mirror  in 
appearance ;  it  is,  however,  readily  distinguished  from  the 
latter  by  its  solubility  in  chloride  of  soda. 

If  a  part  of  the  jet-tube  is  heated,  a  brilliant  arsenical 

*  If  pure  zinc  is  used,  a  difficulty  may  be  found  in  obtaining  an  action ; 
in  that  case  a  few  drops  of  chloride  of  platinum  should  be  added. 
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mirror  is  produced  in  the  tube.  On  heating  this  mirror  in 
the  current  of  hydrogen^  it  is  readily  driven  away  without 
previously  meltings  while  at  the  same  time  the  escaping  (un- 
lighted)  gas  possesses  the  characteristic  arsenical  odor.  If 
the  gas  is  lighted  while  the  mirror  in  the  tube  is  being  heated^ 
the  flame  will^  even  with  a  very  slight  current  of  gas,  deposit 
arsenical  stains  on  a  porcelain  dish. 

The  reactions  just  described  are  amply  sufficient  to  enable 
us  to  distinguish  between  arsenical  and  antimonial  mirrors ; 
but  they  are  often  inadequate  to  the  positive  detection  of 
arsenic  in  the  presence  of  antimony.  In  cases  of  this  kind, 
the  following  process  will  serve  to  set  at  rest  all  possible  doubt 
as  to  the  presence  or  absence  of  arsenic : — 

While  the  gas  is  passing,  heat  the  long  jet-tube  to  redness 
in  several  parts,  to  produce  several  distinct  mirrors;  then 
transmit  through  the  tube  a  very  slow  current  of  dry  sulphu- 
retted hydrogen,  and  heat  the  mirrors,  moving  the  lamp  in  the 
opposite  direction  to  that  of  the  current.  If  arsenic  alo,ne  is 
present,  yellow  sulphide  of  arsenic  is  formed  in  the  tube ;  if 
antimony  alone  is  present,  an  orange-red  or  black  sulphide  of 
antimony  is  produced ;  and  if  the  mirror  consisted  of  both 
metals,  the  two  sulphides  appear  side  "by  side,  the  sulphide  of 
arsenic,  as  the  more  volatile,  lying  invariably  in  front  of  the 
sulphide  of  antimony.  If  you  now  transmit  through  the  tube 
dry  hydrochloric  acid,  without  applying  heat,  no  alteration 
will  take  place  if  sulphide  of  arsenic  alone  is  present,  even 
though  the  gas  be  transmitted  for  a  considerable  time.  If 
sulphide  of  antimony  alone  is  present,  this  will  entirely  dis- 
appear; and  if  both  sulphides  are  present,  the  sulphide  of 
antimony  will  immediately  volatilize,  while  the  yellow  sulphide 
of  arsenic  will  remain.  If  a  small  quantity  of  ammonia  is 
now  drawn  up  into  the  tube,  the  sulphide  of  arsenic  is  dis- 
solved, and  may  then  be  readily  distinguished  from  any 
sulphur  which  may  have  separated.  My  personal  experience 
has  convinced  me  of  the  infallibility  of  these  combined  tests 
for  the  detection  of  arsenic. 

If  hydrogen  containing  arsenetted  hydrogen  is  passed  slowly 
into  nitrate  of  silver,  the  arsenic  is  retained  in  the  form  of 
arsenious  acid,  while  metallic  silver  is  precipitated. 

AsHg  +  BAgNOs  +  SHgO  =  Agg  +  H3ASO3  +  6HNO3. 
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Arsenic  Acid, 

1.  Hydrosulphuric  acid  causes  in  acid  solutions^  first 
reduction  of  the  arsenic  acid  to  arsenious  acid^  with  separation 
of  sulphur^  then  precipitation  of  arsenious  sulphide.  This 
process  continues  until  the  whole  of  the  arsenic  is  thrown 
down,  as  AsgSg  mixed  with  Sg.  The  action  never  takes  place 
immediately,  and  in  dilute  solutions  it  frequently  requires  a 
considerable  time  (twelve  or  twenty-four  hours  for  instance). 
Heating  to  about  70°  greatly  accelerates  the  reaction. 

In  precipitating  arsenic  acid  solutions  with  hydrosulphuric 
acid,  it  is  often  most  convenient  to  reduce  the  arsenic  acid  to 
arsenious  acid  previously.  The  hydrosulphuric  acid  will  then 
precipitate  the  arsenic  as  arsenious  sulphide  immediately. 
The  reduction  is  effected  by  heating  with  sulphurous  acid 
which  is  converted  into  sulphuric  acid  in  the  action. 

2.  Nitrate  of  silver  produces  in  neutral  solutions  a  highly 
characteristic  reddish-brown  precipitate  of  arseniate  of  silver 
(AggAsOJ,  which  is  readily  soluble  in  dilute  nitric  acid  and  in 
ammonia.  It  is  slightly  soluble  in  nitrate  of  ammonium ; 
accordingly,  if  a  little  of  it  is  dissolved  in  a  large  proportion  of 
nitric  acid,  neutralization  with  ammonia  often  fails  to  repro- 
duce the  precipitate.  When  the  solution  of  the  precipitate  in 
ammonia  is  boiled,  no  metallic  silver  separates,  as  is  the  case 
with  arsenite  of  silver. 

3.  Sulphate  of  copper  produces  in  neutral  solutions  a  green- 
ish-blue precipitate  of  arseniate  of  copper  (CuHAsOJ. 

4.  A  mixture  of  sulphate  of  magnesium,  chloride  of  ammo- 
nium, and  ammonia,  produces  a  crystalline  precipitate  of  arse- 
niate of  ammonium  and  magnesium  (MgNH^AsO^  +  6  aq).  In 
dilute  solutions  the  precipitate  takes  some  time  to  form. 

This  precipitate  may  be  distinguished  from  the  corresponding 
phosphate  by  the  following  reactions  : — (a)  If  a  small  quantity 
of  the  precipitate  is  dissolved  in  a  watch  glass  in  a  drop  of 
nitric  acid,  a  little  nitrate  of  silver  added,  and  the  solution 
touched  with  a  glass  rod  that  has  been  dipped  in  ammonia,  a 
brownish-red  precipitate  of  arseniate  of  silver  is  formed, 
(b)  If  the  arseniate  of  magnesium  and  ammonium  is  dissolved 
in  hydrochloric  acid,  and  hydrosulphuric  acid  is  passed  into 
the  solution  which  is  kept  warm,  a  yellow  precipitate  will  be 
formed. 
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5.  If  a  dilute  solution  is  mixed  with  some  hydrocliloric 
acid  and  heated  with  a  clean  slip  of  copper,  the  meta]  remains 
perfectly  unchanged ;  but  if  to  one  volume  of  the  solution  two 
volumes  of  strong  hydrochloric  are  added,  a  grey  film  is  de- 
posited on  the  copper,  as  with  arsenious  acid.  Under  these 
circumstances  the  reaction  is  as  delicate  with  arsenic  acid  as 
with  arsenious  acid. 

6.  With  zinc  and  sulphuric  acid  arsenic  solutions  give  the 
same  reactions  as  arsenious  solutions. 

Group  III. 

NICKEL.    COBALT.    IRON.    MANGANESE.    ZINC.  CHROMIUM. 

ALUMINIUM. 

Nickel. 

DRY  REACTION. 

1.  Compounds  of  nickel  heated  in  the  outer  blowpipe 
flame  with  the  borao!  bead  give  a  reddish-brown  color  when 
cold. 

WET  REACTIONS. 

2.  Sulphide  of  ammonium  produces  a  black  precipitate  of 
hydrated  sulphide  of  nickel  (NiS),  which  is  not  altogether  in- 
soluble in  excess  of  the  precipitant,  especially  if  it  contains 
free  ammonia  ;  if  the  mixture  is  filtered,  therefore,  the  filtrate 
usually  exhibits  a  brown  color.  Chloride  of  ammonium  pro- 
motes the  precipitation,  and  acetate  of  ammonium  is  still 
more  favorable.  Sulphide  of  nickel  dissolves  scarcely  at  all 
in  acetic  acid,  with  great  difficulty  in  hydrochloric  acid,  but 
readily  in  aqua  regia  upon  application  of  heat. 

3.  Potash^  produces  a  light  green  precipitate  of  hydrate 
of  nickel  (NiH^Oo)  which  is  insoluble  in  an  excess  of  the  pre- 
cipitant, and  unalterable  in  the  air  and  by  boiling.  Carbo- 
nate of  ammonium  dissolves  the  precipitate,  when  filtered  and 
washed,  to  a  greenish-blue  fluid,  from  which  potash  reprecipi- 
tates  the  nickel  as  apple-green  hydrate. 

4.  Ammonia  added  in  small  quantity  to  a  neutral  solution, 

*  The  presence  of  non-volatile  organic  acids  and  sugar,  interferes  with 
the  precipitation  by  potash. 
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produces  a  trifling  greenisli  turbidity,  whicli  at  once  redis- 
solves  to  a  blue  fluid  on  further  addition  of  the  reagent. 
Potash  precipitates  from  this  solution  hydrate  of  nickel. 
Presence  of  salts  of  anamonium  prevents  even  any  precipitate 
being  produced  by  ammonia. 

5.  Ferrocyanide  of  potassium  precipitates  ferrocyanide  of 
nickel  (NigCygFe),,  as  a  greenish- white  body,  insoluble  in 
hydrochloric  acid. 

6.  Ferricyanide  of  potassium  precipitates  brownish-yellow 
ferricyanide  of  nickel  [Ni3(CygFe)2],  which  is  insoluble  in  hydro- 
chloric acid. 

7.  Cyanide  of  potassium  produces  a  yellowish-green  pre- 
cipitate of  cyanide  of  nickel  (NiCyg),  which  dissolves  readily  in 
excess  of  the  precipitant  as  cyanide  of  nickel  and  potassium 
(KgNiCy^)  j  the  solution  is  brownish-yellow.  If  hydrochloric 
acid  is  added  to  this  solution,  the  cyanide  of  nickel  is  re- 
precipitated.  From  very  dilute  solutions  the  cyanide  of  nickel 
separates  only  after  some  time  ;  it  is  very  difficultly  soluble  in 
an  excess  of  the  hydrochloric  acid  in  the  coldj  but  more  readily 
soluble  on  boiling. 

The  solution  of  cyanide  of  nickel  and  potassium  is  not 
altered  by  boiling  with  excess  of  hydrocyanic  acid.  It  gives 
a  black  precipitate  of  sesquioxide  of  nickel  when  boiled  with 
chloride  of  soda. 

8.  Carbonate  of  barium  does  not  precipitate  nickel  upon 
digestion  in  the  cold. 

9.  Nitrite  of  potassium  used  in  conjunction  with  acetic 
acid  fails  to  precipitate  even  concentrated  solutions  of 
nickel. 

If  the  solution,  however,  contains  calcium,  barium,  or  stron- 
tium, and  it  is  not  too  dilute,  a  yellow  crystalline  precipitate 
of  nitrite  of  nickel  and  calcium,  &c.,  is  formed^  which  is  diffi- 
cultly soluble  in  cold  water,  and  more  readily  soluble  in  hot 
water  to  a  yellow  fluid. 

Cobalt. 

DRY  REACTION. 

1.  Compounds  of  cobalt  heated  in  either  the  inner  or  outer 
blowpipe  flame  with  borax  give  a  magnificent  blue  bead.  This 
test  is  both  delicate  and  characteristic. 
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WET  REACTIONS. 

2.  Sulphide  of  ammonium  precipitates  black  hydrated  sul- 
phide of  cobalt  (CoS).  The  precipitation  is  promoted  by- 
chloride  of  ammonium.  Sulphide  of  cobalt  is  insoluble  in 
alkalies  and  sulphide  of  ammonium^  scarcely  soluble  in  acetic 
acid,  very  difficultly  soluble  in  hydrochloric  acid,  but  readily 
soluble  in  aqua  regia,  upon  application  of  heat. 

3.  Potash^  produces  a  blue  precipitate  of  basic  salt  which 
is  insoluble  in  excess  of  the  precipitant,  and  turns  green  upon 
exposure  to  the  air,  owing  to  the  absorption  of  oxygen. 
Upon  boiling  it  is  converted  into  pale  red  hydrate  of  cobalt 
(CoHgOg),  which  contains  alkali,  and  generally  appears  rather 
discolored  from  an  admixture  of  sesquioxide.  If  before  boil- 
ing alcohol  is  added,  the  precipitate  is  rapidly  converted  into 
dark  brown  hydrated  sesquioxide.  Carbonate  of  ammonium 
dissolves  the  basic  salt  (or  the  hydrate  of  cobalt)  after  it  has 
been  washed  completely,  forming  an  intensely  colored  violet- 
red  fluid,  in  which  a  blue  precipitate  is  produced  by  potash, 
while  the  fluid  remains  violet. 

4.  Ammonia  produces  in  neutral  solutions  a  precipitate  of 
basic  salt,  which  readily  redissolves  in  excess  of  the  precipitant 
to  a  reddish  fluid  which  turns  brownish-red  on  exposure  to  the 
air,  and  from  which  potash  throws  down  part  of  the  cobalt  as  a 
basic  salt.  Presence  of  salts  of  ammonium  prevents  even  any 
precipitate  being  produced  by  ammonia. 

5.  Ferrocyanide  of  potassium  precipitates  green  ferro- 
cyanide  of  cobalt  (COgCygFe),  which  is  insoluble  in  hydrochloric 
acid. 

6.  Ferricyanide  of  potassium  precipitates  brownish-red 
ferricyanide  of  cobalt  [Co3(Cygre)2],  which  is  insoluble  in 
hydrochloric  acid. 

7.  Cyanide  of  potassium  produces  a  brownish -white  pre- 
cipitate of  cyanide  of  cobalt  (CoCyg),  which  dissolves  readily 
in  excess  of  the  precipitant  as  cyanide  of  cobalt  and  potassium 
(KgCoCyJ.  Acids  reprecipitate  from  this  solution  the  cyanide 
of  cobalt. 

If  this  solution  of  cyanide  of  cobalt  and  potassium  is  boiled 
with  more  cyanide  of  potassium,  in  presence  of  hydrocyanic 

*  The  presence  of  non-volatile  organic  acids  or  sugar  interferes  with  the 
precipitation  of  cobalt  by  potash. 
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acid  (produced  by  the  addition  of  a  drop  or  two  of  hydrochloric 
acid),  cobalticyauide  of  potassium  (K^CygCo)  is  formed,  thus — 

K^CoCy,  +  KCy  +  HCy = Kfijfio  +  H 

The  solution  of  cobalticyauide  of  potassium  is  not  pre- 
cipitated by  acids  or  by  boiling  with  chloride  of  soda. 

8.  Carbonate  of  barium  fails  to  precipitate  cobalt,  upon 
digestion  in  the  cold. 

9.  If  nitrite  of  potassium  is  added  in  not  too  small  pro- 
portion to  a  solution  of  cobalt,  then  acetic  acid  to  strongly 
acid  reaction,  and  the  mixture  is  put  in  a  moderately  warm 
place,  all  the  cobalt  separates  in  the  form  of  a  crystalline  pre- 
cipitate of  a  fine  yellow  color.  The  separation  takes  some  time 
in  the  case  of  dilute  solutions.  The  precipitate  has  the  fol- 
lowing composition  : — CogOg .  SKgO  .  SNgOg .  2H2O.  Its  for- 
mation may  be  thus  explained  ; — 

2C0CI3  +  I2KNO2  +  2HA  + Hp  =  00303 .  SKp  .  5N2O3 .  2H3O 

-1-4KC1  +  2KA  +  2NO. 

The  precipitate  is  very  perceptibly  soluble  in  water,  only 
slightly  soluble  in  concentrated  solutions  of  salts  of  potassium 
and  in  alcohol,  and  insoluble  in  presence  of  nitrite  of  potas- 
sium. When  boiled  with  water,  it  dissolves,  but  not  copiously, 
to  a  red  fluid,  which  remains  clear  upon  cooling,  and  from 
which  potash  throws  down  hydrate  of  cobalt. 

Iron. 

DRY  REACTION. 

1.  The  borax  bead  is  colored  by  compounds  of  iron. 
Heated  in  the  outer  blowpipe  flame,  the  bead  when  cold  varies 
from  colorless  to  dark  yellow.  Heated  in  the  inner  flame,  the 
bead  when  cold  is  bottle  green. 

WET  REACTIONS. 
Dyad  Iron. 

2.  Sulphide  of  ammonium  precipitates  black  hydrated 
ferrous  sulphide  (FeS),  which  is  insoluble  in  alkalies  and 
sulphides  of  the  alkali  metals,  but  dissolves  readily  in  hydro- 
chloric and  nitric  acids.  The  precipitate  turns  reddish-brown 
in  the  air  by  oxidation.  To  highly  dilute  solutions  sulphide 
of  ammonium  imparts  a  green  color ;  after  some  time  the  iron 
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falls  down  as  black  sulphide.  Chloride  of  ammonium  pro- 
motes the  precipitation  most  materially. 

3.  Potash"^  produces  a  precipitate  of  ferrous  hydrate 
(FeHgOg)  which  is  at  first  almost  white ;  it  soon  becomes  dirty 
green,  and  ultimately  reddish-brown,  from  absorption  of 
oxygen.  Presence  of  ammonium  salts  prevents  the  precipita- 
tion partly. 

4.  Ammonia^  produces  the  same  precipitate.  Presence  of 
salts  of  ammonium  prevents  the  precipitation  altogether. 

5.  Ferrocyanide  of  potassium  produces  a  bluish-white  pre- 
cipitate of  ferrocyanide  of  potassium  and  iron  [K2^e3(CygFe)2] . 
Its  formation  may  be  explained  thus  : — 

SFeSO,  +  2K,CygFe  =  K2Fe3(CyeFe)2  +  SK^SO, 

The  precipitate  speedily  becomes  blue  from  absorption  of 
oxygen.  Chlorine  converts  it  immediately  into  Prussian  blue 
[re,(Cy,re)3],  thus:- 

3K,re3(Cy,Fe),  +  01,= 3Pe,(Cy,Fe)3  +  6KC1  +  FeCl, 

6.  Ferricyanide  of  potassium  produces  a  fine  blue  pre- 
cipitate of  ferrous  ferricyanide  [Fe3(CygFe)2] .  The  color  of  the 
precipitate  is  the  same  as  that  of  Prussian  blue.  It  is  in- 
soluble in  hydrochloric  acid,  but  is  readily  decomposed  by 
potash.  In  highly  dilute  solutions  the  reagent  produces  simply 
a  deep  bluish-green  coloration. 

7.  Sulphocyanide  of  potassium  does  not  alter  ferrous 
solutions. 

8.  Carbonate  of  barium  does  not  precipitate  ferrous  solu- 
tion in  the  cold. 

Triad  Iron. 

1.  Hydro  sulphuric  acid  produces  in  acid  solutions  a  milky- 
white  turbidity  proceeding  from  separated  sulphiu' ;  the  ferric 
salt  being  reduced  to  a  ferrous  salt,  thus  : — 

2FeCl3  +  HgS  =  2FeCl2  -f  2HC1  +  S 

2.  Sulphide  of  ammonium  produces  a  black  precipitate, 
consisting  of  hydrated  ferrous  sulphide  (FeS)  mixed  with 
sulphur,  thus  : — 

2FeCl3  +  3  (NH      =  2FeS  +  S  +  GNH^Cl. 

*  Non -volatile  organic  acids,  sugar,  &c.,  interfere  with  the  precipitation 
of  ferrous  salts  by  alkalies. 
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For  the  properties  of  the  precipitate  see  p.  51^  2. 

3.  Potash^  produces  a  bulky,  reddish-brown  precipitate  of 
ferric  hydrate  (FeHgOg),  which  is  insoluble  in  excess  of  the  pre- 
cipitant and  in  salts  of  ammonium. 

4.  AmmoTiia^  produces  the  same  precipitate,  insoluble  in 
excess  of  the  precipitant. 

5.  Ferrocyanide  of  potassium  produces,  even  in  very  dilute 
solutions,  a  fine  blue  precipitate  of  Prussian  blue  or  ferric  ferro- 
cyanide [Fe^(CygFe)3] .  This  precipitate  is  insoluble  in  hydro- 
chloric acid_,  but  is  decomposed  by  potash,  with  separation  of 
ferric  hydrate. 

6.  Ferricyanide  of  potassium  deepens  the  color  of  ferric 
solutions  to  reddish-brown,  but  it  produces  no  precipitate. 

7.  Sulphocyanide  of  potassium^  imparts  to  acid  solutions  an 
intense  blood-red  color,  arising  from  the  formation  of  soluble 
ferric  sulphocyanide.  This  test  is  the  most  deJicate  of  all ;  it 
will  indicate  the  presence  of  a  ferric  salt  when  all  other  tests 
fail.  The  red  coloration  may  in  such  cases  be  detected  more 
distinctly  by  resting  the  tube  upon  a  piece  of  white  paper,  and 
looking  through  it  from  the  top.  The  sensitiveness  of  the 
reaction  may  be  increased  by  adding  hydrochloric  acid  and  then 
ether,  and  shaking.  The  ferric  sulphocyanide  dissolves  in  the 
ether,  and  the  color  is  concentrated. 

8.  Carbonate  of  barium  (even  in  the  cold)  precipitates  the 
iron  as  ferric  hydrate,  mixed  with  basic  salt. 

Blang'ane.se. 

DRY  REACTIONS. 

1.  The  borax  bead,  when  heated  with  compounds  of  man- 
ganese in  the  outer  blowpipe  flame,  acquires  when  cold  an 
amethyst-red  color.   The  bead  loses  its  color  in  the  inner  flame. 

2.  If  a  bead  of  carbonate  of  sodium  is  made  in  the  loop 
of  a  platinum  wire,  touched  with  a  finely-divided  compound 

*  Non-volatile  organic  acids  and  sugar  prevent  the  precipitation  of 
ferric  salts  by  alkalies. 

t  In  ferric  solutions  which,  have  been  mixed  with  acetate  of  sodium 
(and  are  more  or  less  red  from  the  formation  of  ferric  acetate),  no  ferric 
sulphocyanide  will  be  formed  until  a  considerable  quantity  of  hydrochloric 
acid  has  been  added.  The  same  remark  applies  to  solutions  containing 
an  oxalate. 
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of  manganese,  held  in  the  flame,  then  dipped  into  powdered 
nitrate  of  potassium  and  heated  again  in  the  blowpipe  flame,  a 
green  bead  will  be  obtained,  which  becomes  bluish  on  cooling. 
This  reaction  depends  upon  the  formation  of  manganate  of 
sodium  (Na^MnO J .  It  enables  us  to  detect  the  smallest  traces 
of  manganese. 

WET  REACTIONS. 

3.  Sulphide  of  ammonium  throws  down  hydrated  sulphide  of 
manganese  (MnS)  in  the  form  of  a  light  flesh-colored  precipi- 
tate. If  the  solution  is  very  dilute,  the  color  of  the  precipitate 
may  appear  yellowish  white.  The  precipitate  acquires  a  dark 
brown  color  in  the  air.  It  is  insoluble  in  sulphide  of  ammo- 
nium and  in  alkalies ;  but  readily  soluble  in  hydrochloric,  nitric, 
and  acetic  acids.  The  separation  of  the  precipitate  is  mate- 
rially promoted  by  chloride  of  ammonium.  From  very  dilute 
solutions  the  precipitate  separates  only  after  standing  some 
time  in  a  warm  place.  Solutions  containing  much  free  am- 
monia should  be  nearly  neutralized  with  hydrochloric  acid 
before  precipitation  with  sulphide  of  ammonium.  If  ammonia 
and  sulphide  of  ammonium  are  present  in  considerable  excess, 
the  flesh-colored  hydrated  precipitate  often  changes  in  the 
cold  to  the  green  anhydrous  sulphide — this  alteration  occurs 
rapidly  on  boiling.  Chloride  of  ammonium  interferes  with  the 
conversion. 

4.  Potash^  produces  a  whitish  precipitate  of  manganous 
hydrate  (MnH^Og),  which  upon  exposure  to  the  air  soon 
acquires  a  brown  color  from  absorption  of  oxygen. 

5.  Ammonia"^  produces  the  same  precipitate.  The  precipi- 
tation is  prevented  by  the  presence  of  chloride  of  ammonium. 

6.  Ferrocyanide  of  potassium  throws  down  manganous 
ferrocyanide  (MugCygFe).  It  is  reddish- white  and  soluble  in 
hydrochloric  acid. 

7.  Femcyanide  of  potassium  precipitates  manganous  ferri- 
cyanide  [Mn3(Cygre)2]  as  a  brown  body,  insoluble  in  hydro- 
chloric acid  and  ammonia. 

*  Non-volatile  organic  acids  may  prevent  the  precipitation  by  alkalies 
(or  alkaline  carbonates).  Sugar  interferes  with  the  precipitation  by  alka- 
lies, but  it  does  not  interfere  with  the  precipitation  by  alkaline  carbonates. 
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8.  Carbonate  of  barium  fails  to  throw  down  any  manganese 
on  digestion  in  the  cold. 

Zinc. 

WET  REACTIONS. 

1.  Sulphide  of  ammonium  produces  a  white  precipitate  of 
hydrated  sulphide  of  zinc  (ZnS).  Chloride  of  ammonium 
greatly  promotes  the  separation  of  the  precipitate.  From  very 
dilute  solutions  the  precipitate  only  separates  after  long  stand- 
ing. The  precipitate  is  insoluble  in  excess  of  sulphide  of  am- 
monium^ and  also  in  potash  and  ammonia.  It  dissolves  readily 
in  hydrochloric  acid^  nitric  acid^  and  dilute  sulphuric  acid.  It 
is  insoluble  in  acetic  acid. 

3.  Potash"^  throws  down  hydrate  of  zinc  (ZnHgOg),  in  the 
form  of  a  white  gelatinous  precipitate^  which  is  readily  and 
completely  redissolved  by  an  excess  of  the  precipitant.  Upon 
boiling  this  solution  it  remains  unaltered,  if  concentrated ;  but 
if  dilute,,  nearly  the  whole  of  the  zinc  separates  as  a  white  pre- 
cipitate. Chloride  of  ammonium  does  not  precipitate  the  solu- 
tion of  hydrate  of  zinc  in  potash. 

3.  Ammonia^  produces  in  neutral  solutions  the  same  pre- 
cipitate, which  readily  dissolves  in  excess  of  the  precipitant. 
The  concentrated  solution  becomes  turbid  when  mixed  with 
water.  On  boiling  the  concentrated  solution  part  of  the  zinc 
separates  ;  on  boiling  the  dilute  solution  all  the  zinc  separates. 

4.  Carbonate  of  sodium'^  produces  a  precipitate  of  basic  car- 
bonate of  zinc  (SZnHgOg .  2ZnC03),  which  is  insoluble  in  excess 
of  the  precipitant.  Presence  of  ammonium  salts  in  great  excess 
prevents  the  formation  of  this  precipitate. 

5.  Carbonate  of  ammonium^  produces  the  same  precipitate. 
It  dissolves  in  excess  of  the  precipitant. 

6.  Ferrocyanide  of  potassium  throws  down  ferrocyanide  of 
zinc  (ZugCygFe)  as  a  white  slimy  precipitate,  somewhat  soluble 
in  excess  of  the  precipitant,  insoluble  in  hydrochloric  acid. 

7.  Ferricyanide  of  potassium  throws  down  ferricyanide  of 

*  If  the  solntion  contains  non-volatile  organic  acids,  tlie  precipitation 
by  alkalies  and  alkaline  carbonates  is  hindered.  Presence  of  sugar  does 
not  interfere  with  the  precipitation. 
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zinc  [Zn3(Cygre)2]  as  a  brownish  orange-colored  precipitate, 
soluble  in  hydrochloric  acid  and  ammonia. 

8.  Carbonate  of  barium  precipitates  no  zinc  in  the  cold,  if 
sulphuric  acid  is  absent. 

Chromium. 

DRY  REACTIONS. 

1.  Compounds  of  chromium  color  the  borax  bead.  After 
being  heated  in  the  outer  or  inner  blowpipe  flame,,  the  bead 
is  emerald  color  when  cold. 

2.  Compounds  of  chromium  fused  with  chlorate  of  potas- 
sium and  carbonate  of  sodium  on  a  fragment  of  porcelain,  yield 
a  yellow  mass  from  the  formation  of  chromate  of  sodium 
(Na^CrO,). 

WET  REACTIONS. 

The  solutions  have  sometimes  a  green,  sometimes  a  violet  color. 

3.  Sulphide  of  ammonium  produces  a  precipitate  of  hydrate 
of  chromium  (CrHgOg),  thus  : — 

2CrCl3  +  3(NH  JgS  +  GH^O  =  2CrH303  +  GNH^  +  SH^S. 

4.  Potash  produces  in  green  or  violet  solutions  a  bluish- 
green  precipitate  of  hydrate  of  chromium,  which  dissolves  readily 
in  an  excess  of  the  precipitant  to  an  emerald- green  fluid.  Upon 
long  boiling,  the  whole  of  the  hydrate  of  chromium  separates 
again  from  this  solution,  and  the  supernatant  fluid  becomes 
colorless.  The  same  reprecipitation  takes  place  if  chloride  of 
ammonium  is  added  to  the  solution  in  potash ;  application  of 
heat  promotes  the  separation  of  the  precipitate. 

5.  Ammonia  produces  in  green  solutions  a  greyish -green, 
in  violet  solutions  a  greyish-blue  precipitate  of  hydrate  of 
chromium.  The  former  precipitate  dissolves  in  acids  to  a 
green  fluid,  the  latter  to  a  violet  fluid.  Other  circumstances 
(concentration,  way  of  adding  the  ammonia,  &c.)  exercise  also 
some  influence  upon  the  composition  and  color  of  the  preci- 
pitate. A  small  portion  of  the  hydrate  dissolves  in  excess  of 
the  precipitant  in  the  cold,  imparting  a  pink  tint  to  the  fluid, 
hut  if  after  the  addition  of  ammonia  in  excess  the  mixture  is 
heated,  the  precipitation  will  be  complete. 
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6.  Carbonate  of  ammonium  precipitates  basic  carbonate  of 
chromium^  which  redissolves  in  a  large  excess  of  the  pre- 
cipitant. 

7.  Carbonate  of  barium  precipitates  all  the  chromium  as 
hydrate  mixed  with  basic  salt.  The  precipitation  takes  place 
in  the  cold_,  but  is  complete  only  after  long  digestion. 

8.  If  chloride  of  soda  is  added  to  a  solution  of  chromium 
and  the  mixture .  is  boiled^  the  liquid  turns  yellow  from  the 
formation  of  chromic  acid^  thus  : — 

2CrCl3  +  SNa^Cip  +  SHp = 2H2CrO^  +  6NaCl  +  6HC1. 

Aluminium. 

WET  REACTIONS. 

1.  Sulphide  of  ammonium  throws  down  a  bulky  precipitate 
of  hydrate  of  aluminium  (AlH^Og). 

2.  Potash  throws  down  hydrate  of  aluminium,  which  con- 
tains potash  and  generally  also  some  basic  salt.  The  preci- 
pitate dissolves  readily  in  excess  of  the  precipitant.  From 
this  solution  in  potash  the  aluminium  is  precipitated  by  ad- 
dition of  chloride  of  ammonium  and  warming.  Presence  of 
ammonium  salts  does  not  prevent  the  precipitation  by  potash. 

3.  Ammonia  produces  a  precipitate  of  hydrate  of  alumi- 
nium, which  contains  ammonia  and  some  basic  salt.  The 
precipitate  redissolves  in  a  very  considerable  excess  of  the 
precipitant,  but  with  difficulty  only.  Boiling  favors  the  pre- 
cipitation. 

4.  Carbonate  of  ammonium  precipitates  basic  carbonate  of 
aluminium,  which  is  slightly  soluble  in  excess  of  the  precipi- 
tant.   Boiling  favors  the  precipitation. 

5.  Carbonate  of  barium,  precipitates  the  aluminium  upon 
digestion  in  the  cold  as  hydrate  mixed  with  basic  salt. 

6.  Phosphate  of  sodium  precipitates  phosphate  of  alumi- 
nium (AlPOJ.  The  precipitate  is  bulky  and  dissolves  readily 
in  potash,  but  not  in  ammonia ;  chloride  of  ammonium  there- 
fore precipitates  it  from  its  solution  in  potash.  The  precipi- 
tate dissolves  readily  in  hydrochloric  or  nitric  acid,  but  not  in 
acetic  acid  (here  it  differs  from  the  hydrate),  therefore  acetate 
of  sodium  precipitates  it  from  its  solution  in  hydrochloric 
acid,  when  there  is  not  too  much  of  the  latter. 
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Group  IV. 

BARIUM.     STRONTIUM.  CALCIUM. 
Barium. 

DRY  REACTION. 

1.    Barium  compounds  color  flame  yellowdsli-green. 

WET  REACTIONS. 

3.  Carbonate  of  ammonium  throws  down  carbonate  of 
barium  (BaCOg)  in  tbe  form  of  a  white  precipitate.  If  the 
solution  was  previously  acid,  complete  precipitation  only  takes 
place  upon  heating  the  fluid.  In  chloride  of  ammonium  the 
precipitate  is  soluble  to  a  trifling  yet  clearly'  perceptible  ex- 
tent; carbonate  of  ammonium  therefore  produces  no  precipi- 
tate in  very  dilute  solutions  of  barium  containing  much  chlo- 
ride of  ammonium. 

3.  Oxalate  of  ammonium  produces  a  white  pulverulent 
precipitate  of  oxalate  of  barium  (BaCgO^  +  aq.),  which  is 
soluble  in  hydrochloric  and  nitric  acids.  When  recently  thrown 
down,  this  precipitate  dissolves  in  oxalic  and  acetic  acids, 
but  the  solutions  speedily  deposit  acid  oxalate  of  barium 
[BaH2(C20j2  +  2aq.]  in  the  form  of  a  crystalline  powder. 

4.  Phosphate  of  sodium  produces  a  white  precipitate  of 
phosphate  of  barium  (BaHPOJ,  which  is  soluble  in  acids. 
Chloride  of  ammonium  dissolves  the  precipitate  to  a  clearly 
perceptible  extent. 

5.  Sulphate  of  calcium  produces,  even  in  very  dilute  solu- 
tions, a  heavy,  finely  divided  white  precipitate  of  sulphate  of 
barium  (BaSOJ,  which  is  insoluble  in  alkalies,  nearly  so  in 
dilute  acids,  but  perceptibly  soluble  in  strong  boiling  hydro- 
chloric and  nitric  acids,  and  in  concentrated  solutions  of 
ammonium  salts.  It  is,  however,  insoluble  in  ammonium  salts 
in  presence  of  excess  of  sulphuric  acid  or  sulphates.  From 
highly  dilute  solutions,  especially  if  strongly  acid,  the  precipi- 
tate may  take  some  time  to  form. 

6.  Sulphuric  acid  produces  the  same  precipitate. 

7.  Bichromate  of  potassium  gives  a  light  yellow  precipitate 
of  chromate  of  barium  (BaCrOJ,  even  in  very  dilute  solutions. 
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It  dissolves  readily  in  nitric  and  hydrochloric  acids,  and  is  re- 
precipitated  by  ammonia.  The  neutral  chromate  of  potassium 
behaves  like  the  bichromate. 

8.  Hydrofluo silicic  acid  throws  down  silicofluoride  of  ba- 
rium (BaSiFg)  in  the  form  of  a  colorless  crystalline  quickly- 
subsiding  precipitate.  In  dilute  solutions  the  precipitate  is 
formed  only  after  the  lapse  of  some  time ;  it  is  perceptibly 
soluble  in  hydrochloric  and  nitric  acids.  Addition  of  an 
equal  volume  of  alcohol  hastens  the  precipitation  and  makes 
it  so  complete  that  the  filtrate  remains  clear  upon  addition  of 
sulphuric  acid. 

Strontium. 

DRY  REACTION. 

1.  Compounds  of  strontium  color  flame  intensely  red. 

WET  REACTIONS. 

2.  Carbonate  of  ammonium  precipitates  carbonate  of  stron- 
tium (SrCOg).  The  precipitate  is  even  less  soluble  than 
carbonate  of  barium  in  chloride  of  ammonium. 

3.  Oxalate  of  ammonium  produces  a  white  precipitate  of 
oxalate  of  strontium  (2SrC20^  +  5aq.),  which  dissolves  readily 
in  hydrochloric  and  nitric  acids.  It  is  perceptibly  soluble  in 
salts  of  ammonium,  and  sparingly  soluble  in  oxalic  and  acetic 
acids. 

4.  Phosphate  of  sodium  precipitates  phosphate  of  strontium. 

5.  Sulphate  of  calcium  produces  a  precipitate  of  sulphate 
of  strontium  (SrSOJ.  Even  in  strong  solutions  of  strontium 
the  precipitate  takes  some  time  to  form.  The  precipitate 
dissolves  perceptibly  in  hydrochloric  and  nitric  acids.  Presence 
of  considerable  quantities  of  these  acids  most  seriously  impair 
the  delicacy  of  the  reaction. 

6.  Sulphuric  acid  produces  the  same  precipitate.  When 
precipitated  from  concentrated  solutions  by  dilute  sulphuric 
acid,  it  is  at  first  amorphous  and  flocculent,  then  pulverulent 
and  crystalline  ;  when  precipitated  from  dilute  solutions  by 
dilute  sulphuric  acid  or  by  sulphates,  it  is  at  once  pulverulent 
and  crystalline.  Heat  favors  the  precipitation  considerably. 
Addition  of  alcohol  also  promotes  its  separation.     Sulphate  of 
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strontium  is  insoluble  in  a  concentrated  solution  of  sulpliate  of 
ammonium  even  upon  boiling. 

7.  Bichromate  of  potassium  does  not  precipitate  solutions 
of  strontium  even  when  concentrated.  The  neutral  chromate 
at  first  occasions  no  precipitation  ;  but  on  long  standings  if  the 
solution  is  not  very  dilute,,  a  light  yellow  crystalline  precipitate 
of  chromate  of  strontium  separates.  The  precipitate  is  slightly 
soluble  in  water^  and  readily  soluble  in  hydrochloric,  nitric, 
and  chromic  acids.  ' 

8.  Hydrofluosilicic  acid  fails  to  produce  a  precipitate  even 
in  strong  solutions  of  strontium.  Upon  addition  of  an  equal 
volume  of  alcohol  no  precipitation  takes  place,  except  in  very 
concentrated  solutions. 

Calcium. 

DRY  REACTION. 

1.  Compounds  of  calcium  color  flame  yellowish-red. 

WET  REACTIONS. 

2.  Carbonate  of  ammohium  precipitates  carbonate  of 
calcium  (CaCOg).  When  recently  precipitated  it  is  bulky  and 
amorphous ;  after  a  time,  and  immediately  upon  application 
of  heat,  it  shrinks  and  becomes  crystalline.  When  recently 
precipitated  it  dissolves  pretty  readily  in  chloride  of  ammonium ; 
but  the  solution  soon  becomes  turbid,  and  deposits  the  greater 
part  of  the  dissolved  salt  in  the  crystalline  form. 

3.  Oxalate  of  ammonium  precipitates  oxalate  of  calcium  as 
a  white  powder.  If  the  solution  is  concentrated  or  hot  the 
precipitate  consists  of  CaCgO^  +  aq.,  and  falls  at  once ;  but  if  the 
solution  is  very  dilute  and  cold,  the  precipitate  consists  of 
CaCgO^  +  aq.  mixed  with  CaCp^  +  Saq.,  and  forms  only  after 
some  time.  Oxalate  of  calcium  dissolves  readily  in  hydro- 
chloric and  nitric  acids,  but  acetic  and  oxalic  acids  fail  to  dis- 
solve it  to  any  perceptible  extent. 

4.  Phosphate  of  sodium  precipitates  phosphate  of  calcium. 

5.  Sulphate  of  calcium  produces  no  precipitate  in  solutions 
of  calcium. 

6.  Sulphuric  acid  produces  immediately  in  strong  solu- 
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tions  of  calcium  a  white  precipitate  of  sulphate  of  calcium 
(CaSO^  .  HoO  +  aq.)_,  which  redissolves  in  much  water  and  is  far 
more  soluble  in  acids.  No  precipitation  takes  place  in  dilute 
solutions  until  addition  of  alcohol_,  when  a  precipitate  forms  at 
once.  Sulphate  of  calcium  dissolves  readily  in  a  strong  solu- 
tion of  sulphate  of  ammonium  on  boiling. 

7.  Bichromate  and   neutral   chromate  of  potassium  are 
without  action  on  salts  of  calcium. 

8.  Hydrofluo silicic  acid  does  not  precipitate  salts  of  calcium. 

Group  V. 

MAGNESIUM.     POTASSIUM.     SODIUM.  AMMONIUM. 

IMCagrnesium. 

WET  REACTIONS. 

1.  Ammonia  throws  down  from  neutral  solutions  part  of 
the  magnesium  in  the  form  of  hydrate  (MgHgOg) ;  the  precipi- 
tate is  soluble  in  chloride  of  ammonium. 

2.  Potash  throws  down  hydrate  of  magnesium  ;  the  sepa- 
ration is  promoted  by  boiling. 

3.  Baryta  produces  the  same  precipitate. 

4.  Lime  produces  the  same  precipitate. 

5.  Carbonate  of  ammonium  produces  no  precipitate  in  pre- 
sence of  chloride  of  ammonium^  except  in  very  strong  solutions. 

6.  Oxalate  of  ammonium  produces  no  precipitate  in  dilute 
solutions.  In  rather  strong  solutions  crystalline  crusts  of 
various  oxalates  of  magnesium  and  ammonium  make  their 
appearance  after  some  time.  In  very  strong  solutions  oxalate 
of  ammonium  speedily  produces  a  precipitate  of  oxalate  of 
magnesium  (MgCgO^  •+  2aq.)  mixed  with  small  quantities  of 
oxalates  of  magnesium  and  ammonium.  Chloride  of  am- 
monium, especially  in  presence  of  free  ammonia,  interferes  with 
the  formation  of  these  precipitates,  but  will  not  in  general 
prevent  it. 

7.  Phosphate  of  sodium  precipitates  phosphate  of  magnesium 
(MgHP04  +  7aq.). 

8.  If  chloride  of  ammonium  and  ammonia  are  added  to 
solution  of  magnesium  no  precipitation  takes  place.  If,  then, 
phosphate  of  sodium  is  added,  a  crystalline  precipitate  of 
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phospliate  of  magnesium  and  ammonium  (MgNH^P0^  +  6aq.) 
fallSj  thus : — 

MgSO,  +  NH.HO  +  Na^HPO,^  MgNH^PO^  +  Na^SO^  +  H^O. 

The  separation  of  the  precipitate  is  promoted  by  stirring 
with  a  glass  rod.  If  the  solution  is  too  dilute  for  any  preci- 
pitate to  form  in  the  usual  manner,,  yet  the  lines  in  which  the 
end  of  the  rod  has  moved  on  the  vessel  will  after  some  time 
appear  distinctly  as  white  streaks.  The  streaks  may  be  known 
from  scratches  by  their  solubility  in  hydrochloric  acid.  Water 
and  ammonium  salts  dissolve  the  precipitate  but  very  slightly. 
It  is  readily  soluble  in  acids,  even  in  acetic  acid.  In  water 
containing  ammonia  it  may  be  said  to  be  insoluble.  This  re- 
action is  exceedingly  delicate. 

Potassium. 

DRY  REACTION. 

1 .  Compounds  of  potassium  color  flame  violet. 

WET  REACTIONS. 

2.  Chloride  of  platinum  produces  in  acid  and  neutral 
solutions  a  heavy  yellow  precipitate  of  chloride  of  potassium 
and  platinum  (K2PtClg),  consisting  of  microscopic  octahedrons. 
The  experiment  is  conveniently  performed  in  a  watch-glass. 
In  strong  solutions  the  precipitate  forms  immediately ;  in  dilute 
solutions  it  may  take  a  considerable  time  to  form ;  very  dilute 
solutions  are  not  precipitated.  Alkaline  solutions  should  be 
acidified  with  hydrochloric  acid  previous  to  the  addition  of  the 
reagent.  The  precipitate  is  difficultly  soluble  in  water;  the 
presence  of  free  acids  does  not  increase  its  solubility ;  it  is  in- 
soluble in  alcohol. 

The  most  delicate  way  of  testing  for  potassium  is  to  evapo- 
rate the  solution  to  be  tested  with  the  reagent  nearly  to  dry- 
ness on  a  water-bath,  and  to.  treat  the  residue  with  a  little 
water  (or  spirit),  when  the  precipitate  will  remain  undissolved. 

3.  Tartaric  acid  produces  in  strong  neutral  solutions  a 
white  crystalline  precipitate  of  acid  tartrate  of  potassium 
(KHC^H^Og),  which  quickly  settles.  Shaking  and  stirring  pro- 
mote the  precipitation.    Dilute  solutions  are  not  precipitated. 
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Sodium. 

DRY  REACTION. 

1.  Sodium  compounds  color  intensely  yellow. 

WET  REACTIONS. 

2.  Chloride  of  platinum  produces  no  precipitate  in  acid  or 
neutral  solutions. 

3.  Tartaric  acid  produces  no  precipitate. 

iimmonium. 

DRY  REACTION. 

1.  Ammonium  compounds  are  volatile. 

WET  REACTIONS. 

2.  Chloride  of  platinum  produces  in  acid  and  neutral  solu- 
tions a  heavy  yellow  precipitate  of  chloride  of  ammonium  and 
platinum  [(NH^jgPtClg],  consisting  of  microscopic  octahedrons. 
Weak  solutions  are  not  precipitated. 

3.  Tartaric  acid  produces  in  strong  neutral  solutions  a 
^   white  crystalline  precipitate  of  acid  tartrate  of  ammonium 

(NH,HC,H,0,). 

4.  If  an  ammonium  salt  is  heated  with  potash  or  lime, 
ammonia  is  given  off,  which  may  be  recognised  by  its  smell  or 
by  its  action  on  test-paper. 

For  general  purposes  it  is  best  to  put  a  small  quantity  of 
the  substance  to  be  tested  (whether  solid  or  liquid  it  does  not 
matter)  in  a  test  tube^  to  add  a  c.c.  of  potash_,  and  warm  with 
the  thumb  on  the  mouth  of  the  tube_,  then  to  sniff  the  gaseous 
contents  of  the  tube  up  one  nostril^  the  other  being  closed. 

For  detecting  minute  quantities  of  ammonium,  put  the  sub- 
stance in  a  small  beaker  with  a  little  dry  hydrate  of  calcium 
and  a  little  water^  cover  the  beaker  with  a  watch-glass  having 
a  slip  of  moist  turmeric  paper  adhering  to  it,  and  apply  a 
gentle  heat.  The  escaping  ammonia  will  color  the  paper  brown. 
With  very  small  quantities  of  ammonia  this  reaction  takes 
some  time. 
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For  detecting  traces  of  ammonia,  tlie  following  two  re- 
actions may  be  recommended. 

5.  When  to  a  neutral  solution  containing  a  trace  of  an 
ammonium  salt  a  drop  of  mercuric  chloride  is  added^  and  then 
a  few  drops  of  carbonate  of  sodium,  a  precipitate  consisting  of 
NHgHgCl .  HgO  falls,  thus— 

2NH4HO  +  4HgCl2  +  3NaoC03=2(NH2HgCl .  HgO) 
-f  eNaCl  +  SHgO  +  SCO^ 

Of  course  the  quantities  of  the  mercury  and  sodium  salts 
must  not  be  enough  to  produce  a  yellov^  precipitate  of  them- 
selves. 

6.  Nessler's  Test.  If  Nessler^s  solution  (p.  11)  is  added 
to  a  fluid  containing  an  ammonium  salt,  a  brown  precipitate 
or  yellow  coloration  is  produced  according  to  the  quantity  of 
ammonia  present.  The  precipitate  consists  of  NHggI .  HgO. 
The  change  may  be  expressed  thus : — 

SKgHgl^  +  3KH0  +  N H^HO  =  NHg.I .  H^O  +  7KI  +  SHp 


65 


SEPARATION  OF  THE  METALS. 


Referring  to  page  25,  we  will  suppose  that  a  solution  con- 
taining all  tlie  common  metals  lias  been  treated  as  there  indi- 
cated_,  and  that  thus  the  several  metallic  constituents  have  been 
separated  into  groups. 

We  shall  now  show  how  in  each  of  these  groups  the  indi- 
vidual members  may  be  separated  from  each  other,  and  detected. 

Group  I. 

Precipitated  by  hydrochloric  acid. 

The  precipitate  is  washed :  it  contains — 

Silver  chloride  (AgCl). 
Mercurous  chloride  (HgCl). 
Lead  chloride  (PbClJ. 

It  is  treated  three  times  on  the  filter  with  hot  water. 

The  filtrate  contains  the  lead  chloride.  It  is  mixed  with 
sulphuric  acid  ;  a  white  precipitate  of  sulphate  of  lead  indicates 
lead. 

The  residue  is  washed  with  boiling  water.  It  contains  the 
mercurous  and  silver  chlorides.  It  is  treated  with  ammonia 
and  filtered. 

The  filtrate*  contains  the  silver.  It  is  mixed  with  excess  of 
nitric  acid  when  the  chloride  of  silver  will  be  reprecipitated. 

The  residue  is  black.  This  indicates  the  presence  of  monad 
mercury. 

The  lead  is  not  completely  precipitated  in  this  group.  Small 
quantities,,  therefore,  always  remain  in  solution;  they  arc 
completely  thrown  down  by  the  sulphuretted  hydrogen  in  the 
next  group. 

*  This  is  sometimes  turbid  from  presence  of  a  basic  salt  of  lead.  The 
turbidity  may  be  disregarded  as  it  is  soluble  in  nitric  acid. 
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Group  II. 

Precipitated  by  hydrosulphuric  acid^  in  the  acid  solution^  after 

removal  of  Group  /. 

The  precipitate  is  washed  :  it  contains — 

Division  I. 

Lead  sulphide  (PbS). 
Mercuric  sulphide  (HgS). 
Bismuth  sulphide  (BigSg). 
Copper  sulphide  (CuS). 
Cadmium  sulphide  (CdS). 

Division  II. 

Tin  sulphide  (SnS  or  SnS2). 
Antimony  sulphide  (SboS^). 
Arsenic  sulphide  (AsgSg). 

It  is  warmed  with  yellow  sulphide  of  ammonium,  and  filtered. 

Division  I. 

The  residue  is  washed.  It  contains  the  sulphides  of 
Division  I.  It  is  removed  to  a  test-tube_,  boiled  with  strong 
nitric  acid,  diluted  and  filtered. 

The  residue  is  black.  It  is  the  mercuric  sulphide.  (It  may 
contain  also  some  sulphate  of  lead.)  It  is  dissolved  in  strong 
hydrochloric  acid  with  the  addition  of  a  little  chlorate  of  po- 
tassium. The  solution  contains  mercuric  chloride  j  on  mixing 
it  with  stannous  chloride,  the  dyad  mercury  will  be  precipitated 
as  mercurous  chloride  or  in  the  metallic  state. 

The  filtrate  from  the  mercuric  sulphide  contains  the  lead, 
bismuth,  copper,  and  cadmium,  as  nitrates.  It  is  mixed  with 
sulphuric  acid,  evaporated  nearly  to  dryness  on  a  water-bath, 
diluted  slightly,  and  filtered. 

The  residue  is  sulphate  of  lead.  To  prove  this,  treat  it 
with  bichromate  of  potassium,  and  warm,  which  will  convert  it 
into  chromate  of  lead ;  wash  this,  add  a  little  potash,  and  heat, 

*  For  separating  we  generally  pass  the  gas  throngli  the  fluid,  as  adding 
the  solution  of  hydrosulphuric  acid  would  dilute  it  too  much. 
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the  precipitate  will  dissolve ;  on  acidifying  the  solution  with 
acetic  acid,  the  chromate  of  lead  will  be  reprecipitated. 

The  filtrate  from  the  sulphate  of  lead  is  treated  with  am- 
monia in  excess,  and  filtered. 

The  precipitate  is  hydrate  of  bismuth ;  this  may  be  proved 
by  dissolving  it  in  a  drop  or  two  of  hydrochloric  acid  on  a 
watch-glass,  and  adding  water,  which  will  produce  a  milkiness. 

The  ammoniacal  filtrate  from  the  bismuth  contains  only 
copper  and  cadmium. 

Copper  will  be  indicated  generally  by  the  blue  color  of  the 
fluid.  If  the  solution  is  very  dilute,  it  may  be  necessary  to 
concentrate  it  by  evaporation  to  bring  out  the  color ;  of  course, 
if  all  the  excess  of  ammonia  has  been  driven  off  in  the  evapo- 
ration, more  must  be  added. 

The  cadmium  must  be  separated  from  the  copper  before  it 
can  be  detected.  To  this  end,  the  filtrate  from  the  bismuth 
is  mixed  with  hydrosulphuric  acid,  and  filtered.  The  precipi- 
tate contains  both  the  metals  as  sulphides ;  it  is  boiled  with 
dilute  sulphuric  acid,  and  filtered.  The  residue  is  sulphide  of 
copper.  The  filtrate  contains  the  cadmium  as  sulphate ;  on 
adding  hydrosulphuric  acid  to  it,  the  yellow  sulphide  of 
cadmium  will  be  thrown  down. 

Division  II. 

The  sulphide  of  ammonium  solution  contains  the  tin,  anti- 
mony, arsenic,  and  a  little  copper.  It  is  mixed  with  excess 
of  hydrochloric  acid,  and  filtered.  The  precipitate  is  washed  : 
it  contains  all  the  metals  as  sulphides.  It  is  dried  on  the 
filter,  and  divided  into  three  portions. 

The  first  portion  is  tested  for  tin  and  antimony  as  follows. 
It  is  boiled  with  strong  hydrochloric  acid,  diluted  a  little  and 
filtered.  The  filtrate  contains  the  tin  and  antimony ;  it  is 
transferred  to  a  platinum  crucible  lid,  and  a  little  piece  of 
zinc  plate  is  added  to  it.  The  antimony  will  show  itself  at 
once  by  staining  the  platinum  black ;  the  tin  will  be  reduced 
to  the  metallic  state.  On  taking  out  the  zinc,  washing  off 
any  adhering  tin  back  into  the  platinum  crucible  lid,  and 
pouring  away  the  solution,  the  residual  tin  may  be  dissolved 
by  boiling  with  strong  hydrochloric  acid,  and  may  be  detected 
in  the  solution  by  the  addition  of  mercuric  chloride. 

F  2 
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The  second  portion  is  examined  for  arsenic  by  fusing  with 
cyanide  of  potassium  and  carbonate  of  sodium  in  an  ignition- 
tube. 

The  third  portion  may  be  examined  for  copper  by  boiling 
with  a  few  drops  of  strong  nitric  acid^  adding  ammonia^  and 
filtering  if  necessary.    A  blue  color  will  indicate  copper. 

Group  III. 

Precipitated  by  ammonia  and  sulphide  of  ammonium  in  presence 
of  chloride  of  ammonium  after  the  removal  of  the  previous 
Groups. 

The  precipitate  is  washed  :  it  contains — 

Nickel  sulphide  (NiS). 
Cobalt  sulphide  (CoS). 
Iron  sulphide  (FeS). 
Manganese  sulphide  (MnS). 
Zinc  sulphide  (ZnS). 
Chromium  hydrate  (CrH^Og). 
Aluminium  hydrate  (AIH3O3). 

It  is  treated  with  dilute  hydrochloric  acid,  well  stirred  or 
shaken  (but  not  heated)^  and  filtered. 

The  residue  is  washed.  It  contains  nearly  the  whole  of  the 
nickel  and  cobalt  sulphides.  The  cobalt  may  be  found  at  once, 
even  if  there  is  a  very  large  proportion  of  nickel  present^  by 
testing  a  small  portion  in  the  borax  bead.  The  nickel  must 
be  separated  from  the  cobalt  before  it  can  be  detected.  This 
is  done  as  follows.  The  filter  containing  the  residue  is  dried 
and  incinerated  (see  p.  21),  and  the  ash  is  dissolved  in  a  few 
drops  of  aqua  regia,  diluted  and  filtered.  The  solution 
contains  the  metals  as  chlorides ;  it  is  nearly  neutralized  with 
potash,  and  nitrite  of  potassium  and  acetic  acid  are  added,  the 
latter  to  strongly  acid  reaction.  After  standing  a  long  time, 
the  cobalt  separates  completely  in  the  form  of  the  yellow  pre- 
cipitate. On  filtering  this  off,  and  adding  potash  to  the 
filtrate,  hydrate  of  nickel  is  precipitated,  which  may  be  tested 
by  the  borax  bead. 

ITie  filtrate  from  the  nickel  and  cobalt  sulphides  contains 
the  rest  of  the  metals  as  chlorides  (the  iron  being  in  the  form 
of  ferrous  chloride) ^  and  also  traces  of  nickel  and  cobalt.  It 
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is  mixed  with  a  little  strong  nitric  acid,  and  boiled^  to  convert 
the  ferrous  chloride  into  ferric  chloride.  It  is  then  nearly- 
neutralized  with  potash,  mixed  with  excess  of  carbonate  of 
barium  in  the  cold,  and  filtered. 

The  precipitate  is  well  washed.  It  contains  the  iron, 
chromium,  and  aluminium,  as  hydrates  mixed  with  basic 
chlorides,  together  with  the  excess  of  carbonate  of  barium.  It 
is  tested  separately  for  each  of  the  metals.  One  portion  is 
dissolved  in  hydrochloric  acid,  and  mixed  with  sulphocyanide 
of  potassium ;  a  red  color  indicates  iron.  Another  portion  is 
boiled  with  potash,  and  filtered ;  the  filtrate  contains  the 
aluminium,  which  may  be  thrown  down  as  hydrate  by  the 
addition  of  excess  of  chloride  of  ammonium,  and  boiling.  A 
third  portion  is  boiled  with  chloride  of  soda,  and  filtered ;  the 
filtrate  contains  the  chromium  as  chromic  acid,  which  betrays 
itself  by  the  yellow"^  color  of  the  fluid. 

The  filtrate  from  the  carbonate  of  barium  precipitate 
contains  the  zinc  and  manganese  as  chlorides,  and  also  chloride 
of  barium.  It  is  mixed  with  sulphuric  acid  to  precipitate  the 
barium,  filtered  through  charcoal  to  remove  the  finely  divided 
sulphate  of  barium,  evaporated  to  a  small  bulk,  mixed  with 
potash,  and  filtered. 

The  precipitate  contains  the  manganese  as  hydrate,  and  the 
traces  of  nickel  and  cobalt  originally  dissolved  by  the  hydro- 
chloric acid.  It  is  tested  with  a  bead  of  carbonate  of  sodium 
and  a  little  nitre  before  the  blowpipe.  A  green  bead  indicates 
manganese. 

The  filtrate  from  the  manganese  contains  the  zinc.  It  is 
mixed  with  hydrosulphuric  acid ;  a  white  precipitate  indicates 
zinc. 

Group  IV. 

Precipitated  by  carbonate  of  ammonium  in  presence  of  chlo- 
ride of  ammonium,  after  the  removal  of  the  previous  Groups. 

The  precipitate  is  washed  :  it  contains — 
Barium  carbonate  (BaCOg) 

*  If  the  precipitate  produced  by  carbonate  of  barium  had  not  been  well 
washed,  the  filtrate  here  might  have  been  pink  from  the  formation  of 
permanganic  acid.  The  latter  may  be  destroyed  by  boiling  with  alcohol ; 
on  filtering  ofi"  the  brown  oxide  of  manganese  formed,  the  yellow  tint  of 
chromic  acid  will  be  visible. 
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Strontium  carbonate  (SrCOg) 
Calcium  carbonate  (CaCOg) 

It  is  dissolved  in  hydrocbloric  acid.  The  solution  contains 
the  metals  as  chlorides.  It  is  evaporated  to  dryness,  treated 
with  alcohol  (a  pestle  being  used  to  bring  the  fluid  well  in 
contact  with  the  chlorides),  and  filtered. 

The  residue  contains  the  greater  part  of  the  chloride  of 
barium.  It  is  dissolved  in  water,  and  mixed  with  a  considerable 
bulk  of  sulphate  of  calcium ;  an  immediate  precipitate  indi- 
cates barium. 

The  alcoholic  filtrate  from  the  chloride  of  barium  contains 
the  strontium,  calcium,  and  traces  of  barium,  as  chlorides.  It 
is  mixed  with  sulphuric  acid  and  filtered.  The  precipitate 
contains  all  the  metals  as  sulphates.  It  is  boiled  with  a  concen- 
trated solution  of  sulphate  of  ammonium  and  a  little  ammonia 
for  some  time,  and  then  filtered. 

The  residue  consists  of  sulphate  of  strontium  and  the  traces 
of  sulphate  of  barium. 

The  filtrate  contains  the  sulphate  of  calcium.  It  is  largely 
diluted  and  mixed  with  oxalate  of  ammonium  ;  a  precipitate 
indicates  calcium. 

Traces  of  barium  and  still  smaller  traces  of  calcium  may 
escape  precipitation  in  this  Group.  The  filtrate  from  the  car- 
bonate of  ammonium  precipitate  should  therefore  be  tested  for 
these  metals  as  follows.  One  portion  should  be  mixed  with 
sulphate  of  ammonium  ;  a  turbidity  indicates  barium.  Another 
portion  should  be  mixed  with  oxalate  of  ammonium,  and 
allowed  to  stand  for  some  time ;  a  turbidity  indicates  calcium. 

Group  V. 

Left  in  solution  after  the  removal  of  the  previous  Groups. 

As  just  mentioned,  the  present  solution  may  contain  traces 
of  barium  and  calcium  which  should  be  removed  before  the 
examination  for  the  members  of  this  group  is  proceeded  with. 
This  removal  is  efi'ected  by  mixing  the  solution  with  sulphate 
and  oxalate  of  ammonium,  allowing  to  stand  for  some  time 
and  filtering. 
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The  solution  contains — 

Magnesium 
Potassium 
Sodium 
Ammonium. 

Besides  ammonium  salts^  added  to  precipitate  the  previous 
groups. 

A  small  portion  is  mixed  with  phosphate  of  sodium,  and 
well  stirred;  a  crystalline  precipitate  indicates  magnesium. 

The  rest  of  the  solution  is  to  be  examined  for  potassium 
and  sodium .  It  must,  however,  first  be  freed  from  magnesium 
and  ammonium,  as  follows.  It  is  evaporated  to  dryness,  and 
ignited  till  white  fumes  cease  to  be  evolved  {i.e.,  till  all  the 
ammonium  salts  are  driven  off).  The  residue  is  treated  with 
a  little  water,  warmed,  and  mixed  with  milk  of  lime"^  (or  baryta 
water)  till  the  reaction  is  strongly  alkaline,  boiled  and  filtered. 
The  magnesium  is  thus  removed.  The  filtrate  containing  the 
potassium  and  sodium  and  excess  of  lime  (or  baryta)  is  mixed 
with  carbonate  of  ammonium,  gently  warmed,  and  filtered. 
The  filtrate  is  evaporated  with  a  little  chloride  of  ammonium 
(to  convert  alkalies  or  alkaline  carbonates  into  chlorides)  to 
dryness,  gently  ignited,  and  dissolved  in  a  little  water. 

The  solution  contains  the  potassium  and  sodium  in  a  concen- 
trated form.  One  portion  is  mixed  with  chloride  of  platinum ; 
a  precipitate  indicates  potassium.  Another  portion  is  tested  in 
'  the  Bunsen  flame  on  a  clean  platinum  wire ;  a  yellow  flame 
indicates  sodium. 

It  is  useless  to  test  for  ammonium  with  the  other  members 
of  this  group,  as  the  solution  has  l3een  mixed  with  ammonium 
salts  in  the  precipitation  of  the  previous  groups.  For  this  pur- 
pose, then,  some  of  the  original  solution  is  boiled  with  potash ; 
a  smell  of  ammonia  indicates  ammonium. 

*  Freed  from  alkalies  by  repeated  boiliiig  with  fresh  quantities  of 
water. 
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Group  II. 

Division  II. 
Separatio7i  of  Antimony ,  Arsenic j  and  Tin. 

1.  The  mixedsulphides  are  dried_,  mixed  with  one  part  of  pure 
dry  carbonate  of  sodium  and  three  parts  of  nitrate  of  sodium, 
and  fused  in  a  porcelain  crucible  at  a  gentle  heat.  The  heat 
must  not  be  too  strong,  nor  must  the  fusion  be  continued  too 
long,  or  some  hydrate  of  sodium  may  be  produced,  and  a  soluble 
stannate  of  sodium  formed.  The  fused  mass  is  poured  out  on- 
to a  clean  stone  and  powdered  finely.  It  contains  the  tin  as 
stannic  oxide,  the  antimony  as  antimoniate  of  sodium,  the 
arsenic  as  arseniate  of  sodium,  the  excess  of  carbonate  and 
nitrate  of  sodium,  and  also  sulphate  and  nitrite  of  sodium.  It 
is  treated  with  cold  water  and  filtered. 

The  filtrate  contains  the  arseniate  of  sodium,  and  the  car- 
bonate, nitrate,  sulphate,  and  nitrite  of  sodium.  In  order  to 
detect  the  arsenic,  it  is  acidified  with  nitric  acid,  warmed  to 
remove  carbonic  anhydride,  mixed  with  nitrate  of  silver,  and 
filtered,  if  necessary,  from  chloride  of  silver.  On  inclining  the 
test-tube  and  pouring  some  ammonia  diluted  with  ten  parts  of 
^vater  down  the  side  onto  the  top  of  the  solution,  a  red  cloud 
of  arseniate  of  silver  will  be  seen  where  the  two  fluids  meet. 

The  residue  is  washed  with  dilute  spirit  (1  alcohol,  3  water). 
It  contains  the  stannic  oxide  and  the  antimoniate  of  sodium. 
It  is  transferred  to  a  platinum  crucible  lid ;  on  adding  a  piece 
of  zinc  and  some  hydrochloric  acid,  and  gently  warming  for  a 
little  time,  the  tin  and  antimony  will  be  more  or  less  reduced 
to  the  metallic  state. 

The  antimony  will  at  once  betray  its  presence  by  blackening 
the  platinum. 

The  tin  is  detected  by  removing  the  excess  of  zinc,  pouring 
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off  tlie  fluid_,  boiling  the  residue  with  strong  hydrochloric  acid, 
dilutiog  and  filtering.  The  filtrate  contains  stannous  chloride ; 
on  mixing  it  with  mercnric  chloride  in  excess,  a  white  precipi- 
tate of  mercnrous  chloride  is  formed,  indicating  the  presence 
of  tin. 

2.  The  mixed  sulphides  are  freed  from  the  greater  quantity 
of  adhering  water  by  laying  the  filter  containing  them  on 
blotting  paper,  then  transferred  to  a  test-tube  and  treated 
with  strong  hydrochloric  acid  at  a  gentle  heat.  The  sulphides 
of  antimony  and  tin  dissolve,  while  the  sulphide  of  arsenic  is 
left  almost  completely  undissolved. 

If  the  residue  is  considerable,  it  is  dissolved  in  a  few  drops 
of  strong  nitric  acid,  and  mixed  with  nitrate  of  silver,  and  then 
some  very  dilute  ammonia  is  poured  onto  the  top  of  the 
solution.  If  it  is  very  minute,  it  may  be  dissolved  in  ammonia, 
evaporated  to  dryness  with  carbonate  of  sodium,  mixed  with 
cyanide  of  potassium,  and  heated  in  a  current  of  carbonic 
acid  (p.  41,  2). 

The  solution  containing  the  antimony  and  tin  is  put  into  a 
platinum  crucible  lid  with  zinc,  the  metals  being  detected  as 
described  in  1.  Or  if  a  large  excess  of  antimony  is  present, 
the  solution  may  be  mixed  with  an  excess  of  solution  of 
common  solid  carbonate  of  ammonium  and  boiled.  The  tin 
will  be  precipitated  with  a  little  of  the  antimony,  and  may  be 
more  readily  detected  by  the  method  described  in  1. 

3.  The  mixed  sulphides  are  digested  at  a  gentle  heat  with 
some  common  solid  carbonate  of  ammonium  and  water  j  the 
sulphide  of  arsenic  dissolves,  while  the  sulphides  of  antimony 
and  tin  remain  undissolved.  This  separation,  however,  is  not 
absolute,  as  traces  of  antimony  are  apt  to  pass  into  solution 
while  a  little  sulphide  of  arsenic  remains  in  the  residue. 

The  solution  is  acidified  with  hydrochloric  acid,  which 
reprecipitates  the  sulphide  of  arsenic.  If  the  latter  consists 
only  of  a  few  flakes,  it  should  be  washed,  dissolved  in  am- 
monia, evaporated  with  carbonate  of  sodium,  and  heated 
with  cyanide  of  potassium  in  a  stream  of  carbonic  acid 
(p.  41,  2.)  _ 

The  residue  insoluble  in  carbonate  of  ammonium  is  dissolved 
in  hydrochloric  acid  and  treated  as  in  1. 
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4.  The  sulphides  are  dissolved  in  sulphide  of  potassium, 
then  treated  with  a  large  excess  of  strong  solution  of  sulphurous 
acid,  digested  for  some  time  on  the  water-bath,  boiled  till  all 
sulphurous  acid  is  expelled,  and  filtered. 

The  filtrate  contains  all  the  arsenic,  as  arsenious  acid,  which 
may  be  precipitated  by  hydrosulphuric  acid. 

The  residue  containing  the  antimony  and  tin  sulphides  is 
dissolved  in  strong  hydrochloric  acid  and  treated  as  in  1 . 

5.  The  oxides  are  fused  with  hydrate  of  sodium  in  a  silver 
crucible ;  the  mass  is  treated  with  water,  and  then  alcohol  is 
added  to  the  amount  of  one-third  the  volume  of  the  water. 
The  mixture  is  filtered. 

The  residue  is  washed  with  weak  spirit  mixed  with  a  few 
drops  of  carbonate  of  sodium.  It  contains  the  antimony  in 
the  form  of  antimoniate  of  sodium.  In  the  presence  of  much 
tin  it  is  advisable  to  subject  the  residue  to  a  repetition  of  the 
above  treatment,  in  order  to  separate  the  whole  of  the  tin. 

The  filtrate  contains  the  tin  and  arsenic.  It  is  acidified 
with  hydrochloric  acid,  and  the  metals  are  then  precipitated 
by  hydrosulphuric  acid  with  the  aid  of  heat.  On  heating  the 
precipitate  in  a  stream  of  sulphuretted  hydrogen  the  whole  of 
the  tin  is  left  as  sulphide,  while  the  sulphide  of  arsenic 
volatilizes,  and  may  be  received  in  ammonia. 

Reparation  of  Antimony  and  Arsenic  when  they  are  evolved  as 

hydrogen  compounds. 

One  method  has  been  given,  p.  46.  Another  method  is  as 
follows : — 

The  gas  is  passed  slowly  through  a  tube  containing  broken 
glass  moistened  with  dilute  solution  of  acetate  of  lead,  to  retain 
hydrochloric  and  hydrosulphuric  acids,  and  then  into  solution 
of  nitrate  of  silver.  The  antimony  in  the  gas  is  almost  com- 
pletely precipitated  as  black  antimonide  of  silver  (SbAgg), 
while  the  arsenic  passes  into  solution  as  arsenious  acid, 
metallic  silver  being  thrown  down  at  the  same  time.  The 
mixture  is  filtered. 

The  solution  contains  the  arsenic  as  arsenious  acid,  a  little 
of  the  antimony,  nitric  acid,  and  the  excess  of  nitrate  of  silver. 
It  is  mixed  with  hydrochloric  acid  and  filtered  to  remove  silver. 
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then  treated  with  hydrosulpliuric  acid.  The  precipitate  con- 
taining the  arsenic  and  traces  of  antimony  is  fused  with  car- 
bonate of  sodium  and  cyanide  of  potassium  as  directed^  p.  41,  2. 

The  residue  is  thoroughly  freed  from  the  arsenious  acid  by 
being  boiled  with  water.  It  contains  the  antimonide  of  silver 
mixed  with  silver.  It  is  boiled  with  tartaric  acid  solution, 
and  filtered.  The  filtrate  contains  the  antimony,  which  is 
detected  by  adding  hydrochloric  acid  and  hydrosulphuric  acid. 

Group 

Separation  of  Nickel  and  Cobalt. 

The  slightly  acid  solution  is  mixed  with  hydrocyanic  acid 
and  potash"^  till  the  precipitate  which  first  forms  is  redissolved. 
The  solution  contains  now  cyanide  of  nickel  and  potassium 
(NiK2CyJ,  and  cyanide  of  cobalt  and  potassium  (CoK^CyJ, 
with  excess  of  potash  and  hydrocyanic  acid.  It  is  boiled  for 
some  minutes ;  if  a  precipitate  forms,  more  hydrocyanic  acid 
and  potash  are  added.  The  solution  contains  now  the  cyanide 
of  nickel  and  potassium  unaltered,  and  cobalticyanide  of 
potassium  (KgCoCyg).  It  is  mixed  with  excess  of  chloride  of 
soda,  boiled  again  (the  solution  should  be  alkaline),  and  filtered. 
The  precipitate  is  washed ;  it  consists  of  sesquioxide  of  nickel, 
and  is  to  be  tested  in  the  borax  bead.  The  filtrate  contains 
the  cobalt  as  cobalticyanide  of  potassium. 

Group  IV. 

Separation  of  Calcium  and  Strontium. 

The  carbonates  are  dissolved  in  nitric  acid  and  evaporated 
to  dryness.  The  residue  is  powdered,  digested  for  some  time 
with  absolute  alcohol  and  ether,  and  filtered. 

The  residue  is  nitrate  of  strontium.  It  is  dissolved  in  a 
little  water,  and  mixed  with  sulphate  of  calcium. 

The  filtrate  contains  the  calcium  as  nitrate  ;  it  is  precipitated 
with  sulphuric  acid.  The  precipitate  when  treated  Avith  water 
should  give  a  solution,  which  is  precipitated  at  once  by  oxalate 
of  ammonium. 

*  Hydrocyanic  acid  and  potaah  are  used  instead  of  cyanide  of  potassium, 
as  the  latter  is  often  too  impure. 
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Separation  of  Barium j  Strontium,  and  CalcimUj  when  mixed  as 

Sulphates. 

The  sulphates  are  digestecf  in  the  cold  for  twelve  hours  with 
carbonate  of  ammonium,  or  boiled  for  ten  minutes  with  a 
solution  of  one  part  of  carbonate  and  three  parts  of  sulphate 
of  potassium.  The  mixture  is  then  filtered.  The  residue  is 
washed.  It  contains  the  strontium  and  calcium  in  the  form 
of  carbonates,  and  the  barium  as  the  original  sulphate,  with 
the  exception  of  a  minute  trace.  On  treating  the  residue  with 
hydrochloric  acid,  the  strontium,  calcium,  and  trace  of  barium 
dissolve,  while  the  sulphate  of  barium  remains  behind,  and 
may  be  fused  with  carbonate  of  potassium  and  sodium. 

Decomposition  of  the  Phosphates  of  Barium,  Strontium,  and 

Calcium. 

The  phosphates  are  dissolved  in  hydrochloric  acid ;  the 
solution  is  nearly  neutralized,  mixed  with  ferric  chloride  and 
excess  of  acetate  of  sodium,  and  boiled.  The  mixture  is  then 
filtered  hot.  The  precipitate  contains  the  phosphoric  acid. 
The  filtrate  contains  the  barium,  strontium,  and  calcium. 

Detection  of  traces  of  Barium  and  Strontium  in  presence  of  a 

large  amount  of  Calcium. 

Ignite  two  or  three  grammes  of  the  mixed  carbonates  for  a 
few  minutes  in  a  platinum  crucible  over  the  bellows  blowpipe,"^ 
boil  the  residue  with  a  little  water,  filter,  evaporate  the 
filtrate  with  hydrochloric  acid  to  dryness,  and  examine  the  re- 
sidue by  the  spectroscope. 

*  The  carbonates  of  barium  and  strontium  are  reduced  to  the  caustic 
state  mucli  more  readily  in  the  presence  of  carbonate  of  calcium  than  they 
otherwise  would  be. 
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ARRANGEMENT  OF  THE  ACIDS. 

The  acids  may  be  arranged  as  follows  : — 

Acids  which  are  precipitated  by  nitrate  of  silver  in 
presence  of  nitric  acid  

Hydrosulphuric  acid. 
Hydrochloric  acid. 
Hydrobromic  acid. 
Hydriodic  acid. 

Acids  whose  salts  deflagrate^  on  charcoal — 

Nitric  acid. 
Chloric  acid. 

Acids  which  cannot  be  classed — 

Boracic  acid. 
Carbonic  acid. 
Chromic  acid. 
Hydrofluoric  acid. 
Phosphoric  acid. 
Silicic  acid. 
Snlphnric  acid. 

Kydrosulphuric  Acid. 

DRY  REACTION. 

1.  Some  sulphides  when  heated  in  an  ignition-iube  give  a 
sublimate  of  sulphur. 

WET  REACTIONS. 

2.  Nitrate  of  silver  gives  a  precipitate  of  sulphide  of  silver 
(AggS)  insoluble  in  dilute  acids. 

*  To  deflagrate  is  to  burn  suddenly  and  with  sparks. 
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3.  Acetate  of  lead  gives  a  precipitate  of  sulpMde  of  lead 
(PbS);  insoluble  in  dilute  acids. 

4.  Many  sulphides,  when  heated  with  dilute  hydrochloric 
acid,  evolve  hydrosulphuric  acid,  which  may  be  recognised  by 
its  characteristic  smell,  and  by  its  blackening  a  piece  of  paper 
moistened  with  acetate  of  lead. 

Certain  sulphides,  as  iron  pyrites  and  copper  pyrites,  which 
are  not  readily  acted  on  by  dilute  hydrochloric  acid  alone,  will 
give  abundance  of  hydrosulphuric  acid  on  the  addition  of  a 
piece  of  zinc. 

XSydrocbloric  Acid. 

WET  REACTIONS. 

1.  Nitrate  of  silver  produces  a  white  precipitate  of  chloride 
of  silver  (AgCl),  which  upon  exposure  to  light  turns  first  violet 
and  then  black.  It  is  insoluble  in  dilute  nitric  acid,  but  dis- 
solves readily  in  ammonia  and  in  cyanide  of  potassium.  It 
fuses  without  decomposition  when  heated. 

2.  Acetate  of  lead  produces  a  precipitate  of  chloride  of 
lead  (PbClg) .  It  is  soluble  in  a  large  amount  of  water,  espe- 
cially if  boiling. 

3.  Strong  sulphuric  acid,  heated  with  dry  chlorides,  causes 
an  evolution  of  hydrochloric  acid  gas  which  has  a  pungent 
smell  and  gives  white  fumes  in  the  air.  Chlorides  of  mercury 
and  tin  are  not  thus  decomposed. 

4.  Binoxide  of  manganese  and  sulphuric  acid,  heated  with 
a  chloride,  cause  an  evolution  of  chlorine,  which  may  be 
readily  recognised  by  its  odor,  its  color,  and  its  bleaching 
action  upon  moist  litmus  paper. 

5.  Bichromate  of  potassium  and  strong  sulphuric  acid,  heated 
gently  in  a  retort  with  a  dry  chloride,  cause  an  evolution  of 
chlorochromic  acid  (CrOgClo),  which  appears  as  a  brownish-red 
gas,  and  may  be  condensed  in  a  receiver.  On  mixing  chloro- 
chromic acid  with  ammonia  in  excess,  a  yellow-colored  liquid 
is  obtained,  thus — 

CrOgCl^  +  4NH4HO  =  (NH  J^CrO^  +  2NH,C1  +  2H2O. 

6.  Insoluble  chlorides  are  fused  with  carbonate  of  potassium 
and  sodium.  On  treating  the  fused  mass  with  water,  the  chlo- 
rine dissolves  in  the  form  of  alkaline  chloride.  Chloride  of 
silver  may  be  conveniently  decomposed  by  allowing  it  to  stand 
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for  some  time  in  contact  with  zinc  and  dilute  sulphuric  acid; 
the  silver  will  be  reduced,  and  the  solution  will  contain  chlo- 
ride and  sulphate  of  zinc. 

Kydrobromic  Acid. 

WET  REACTIONS. 

1.  Nitrate  of  silver  produces  a  yellowish- white  precipitate 
of  bromide  of  silver  (AgBr),  which  turns  grey  upon  exposure 
to  light.  It  is  insoluble  in  dilute  nitric  acid,  and  somewhat 
sparingly  soluble  in  ammonia,  but  dissolves  with  facility  in  cya- 
nide of  potassium. 

2.  Nitrate  of  palladium  (but  not  chloride  of  palladium)  pro- 
duces in  neutral  solutions  a  reddish-brown  precipitate  of  bromide 
of  palladium  (PdBrg).  In  strong  solutions  it  is  formed  immedi- 
ately; in  dilute  solutions,  it  does  not  appear  till  after  some  time. 

3.  If  a  solution  of  a  bromide  is  mixed  with  hydrochloric 
acid,  and  a  drop  or  two  of  chloride  of  soda^  is  then  added, 
bromine  will  be  liberated  and  tinge  the  fluid  yellow.  On 
adding  enough  bisulphide  of  carbon  to  form  a  large  drop  at 
the  bottom  of  the  tube,  closing  the  mouth  of  the  latter  with 
your  thumb  and  shaking  well,  the  bromine  will  be  dissolved 
by  the  bisulphide  and  the  color  will  be  more  apparent.  With 

^  1  part  of  bromine  in  1000  parts  of  water,  the  drop  of  bisulphide 
acquires  a  reddish-yellow  tint ;  with  1  part  of  bromine  in 
30,000  parts  of  water,  a  pale  yellow  tint  will  be  distinctly 
discernible. 

Excess  of  chloride  of  soda  must  be  avoided,  as  the  chlorine 
formed  would  recombine  with  the  bromine  and  prevent  it  from 
coloring  the  bisulphide. 

If  the  solution  of  bromine  in  bisulphide  of  carbon  is  mixed 
with  potash  shaken  and  warmed,  the  color  disappears,  aud  the 
aqueous  solution  now  contains  the  bromine  in  the  form  of 
bromide  and  bromate  of  potassium.  By  evaporation  and  igni- 
tion the  whole  is  converted  into  bromide  of  potassium,  and  may 
be  tested  by  6. 

4.  If  a  solution  of  a  bromide  is  mixed  with  hydrochloric 
acid  and  nitrite  of  potassium  is  added,  no  bromine  is  liberated. 

*  Chloride  of  soda  and  hydrochloric  acid  may  be  considered  equivalent 
to  chlorine  water. 
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5.  Strong  sulphuric  acid  lieated  with  a  dry  bromide  causes 
an  evolution  of  bromine. 

6.  Binoocide  of  manganese  and  sulphuric  acid,  lieated  with 
a  bromide^  cause  tlie  evolution  of  bromine.  The  presence  of 
chlorides  interferes  with  this  reaction ;  their  influence  may  be 
lessened  by  adding  water  and  reducing  the  quantity  of  sul- 
phuric acid.  Traces  of  bromine  are  best  detected  in  this  way 
by  gently  heating  the  mixture  in  a  small  beaker^  covered  with 
a  watch  glass^  to  which  a  slip  of  paper  moistened  with  starch 
paste  is  attached.    The  starch  will  be  colored  yellow. 

7.  Bichromate  of  potassium  and  sulphuric  acid  distilled 
with  a  bromide  yield  bromine^  which  appears  as  a  brownish- 
red  gas  and  condenses  in  the  receiver.  It  may  be  known 
from  chlorochromic  acid  by  giving  a  colorless  fluid  when  super- 
saturated with  ammonia. 

8.  Insoluble  bromides  are  treated  like  insoluble  chlorides. 
Bromide  of  silver  may  be  decomposed  like  chloride  of  silver. 

Kydriodic  Acid. 

WET  REACTIONS. 

1.  Nitrate  of  silver  produces  a  yellowish-white  precipitate 
of  iodide  of  silver  (Agl),  which  blackens  on  exposure  to  light. 
It  is  insoluble  in  dilute  nitric  acid,  very  sparingly  soluble  in 
ammonia,  readily  soluble  in  cyanide  of  potassium. 

2.  Chloride  of  palladium  (and  nitrate  of  palladium)  pro- 
duces a  dark  brown  precipitate  of  iodide  of  palladium  (Pdl2), 
which  dissolves  to  a  trifling  extent  in  saline  solutions,  but  is 
insoluble  in  dilute  hydrochloric  and  nitric  acids. 

3.  If  a  solution  of  an  iodide  is  mixed  with  hydrochloric 
acid,  and  a  drop  or  two  of  chloride  of  soda  is  then  added, 
iodine  will  be  liberated.  On  adding  enough  bisulphide  of 
carbon  to  form  a  large  drop  at  the  bottom  of  the  tube,  closing 
the  mouth  of  the  latter  with  your  thumb  and  shaking  well, 
the  liberated  iodine  will  be  taken  up  by  the  bisulphide,  which 
will  acquire  a  beautiful  purple  color. 

If  instead  of  the  bisulphide  some  starch  solution"^  is  added, 
the  fluid  acquires  a  fine  blue  color.    This  color  is  destroyed 


*  Made  by  shaking  a  little  starch  with  plenty  of  water,  and  boiling. 
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by  heat^  therefore  the  fluid  should  be  cold.  The  delicacy  of 
this  reaction  with  starch  is  impaired  by  the  presence  of  cer- 
tain salts_,  such  as  alkaline  sulphates,  &c. 

Excess  of  chloride  of  soda  must  be  avoided,  as  the  chlorine 
would  recombine  with  the  iodine,  and  prevent  it  from  giving 
a  color  with  either  the  bisulphide  or  the  starch. 

4.  If  a  solution  of  an  iodide  is  mixed  with  hydrochloric 
acid,  and  a  drop  or  two  of  nitrite  of  potassium  is  added,  the 
iodine  is  liberated,  and  may  be  detected  by  bisulphide  of  carbon 
or  solution  of  starch,  as  in  3. 

Excess  of  nitrite  of  potassium  does  no  harm.  This  test  is 
therefore  preferable  to  3. 

5.  Strong  sulphuric  acid  heated  with  dry  iodides  causes  an 
evolution  of  purple  vapors  of  iodine. 

6.  Binoxide  of  manganese  and  sulphuric  acid  heated  with 
iodides  cause  an  evolution  of  iodine. 

7.  Bichromate  of  potassium  and  sulphuric  acid  heated  with 
iodides  cause  an  evolution  of  iodine. 

8.  If  sulphate  of  copper  is  mixed  with  a  neutral  solution  of 
an  iodide,  and  then  sulphurous  acid  is  added  till  the  brown 
color  produced  by  the  liberated  iodine  is  removed,  the  iodine 
is  thrown  down  as  cuprous  iodide  (Cul)  in  the  form  of  a  dirty- 
white  precipitate. 

2CuS0^  +  2KI  -I-  H2SO3  +  Hp  =  2CuI  +  K^SO^  +  211^^0^. 

Chlorides  and  bromides  are  not  precipitated  in  this  manner. 

9.  Insoluble  iodides  are  treated  like  insoluble  chlorides. 
The  process  given  for  decomposing  chloride  of  silver  answers 
equally  well  for  decomposing  iodide  of  silver. 

Nitric  Acid, 

DRY  REACTIONS. 

1.  If  a  nitrate  is  heated  on  charcoal,  deflagration  takes 
place ;  the  charcoal  burning  at  the  expense  of  the  oxygen  in 
the  nitrate. 

2.  If  a  mixture  of  a  nitrate  with  cyanide  of  potassium  in 
powder  is  heated  on  platinum-foil,  deflagration  takes  place. 
Very  small  quantities  of  nitrates  may  be  detected  in  this 
manner. 

G  . 
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WET  REACTIONS. 

3.  Strong  sulphuric  acid  heated  with  nitrates  causes  an 
evolution  of  fumes  of  nitric  acid. 

4.  If  a  solution  of  a  nitrate  is  mixed  with  a  cold  strong 
solution  of  ferrous  sulphate,  and  the  test  tube  being  held  in  a 
slanting  position,  strong  sulphuric  acid  is  gently  poured  down 
to  the  bottom,  so  that  it  may  not  mix  with  the  solution,  then 
a  purple  or  brown  color  will  mark  the  plane  of  contact  of  the 
two  fluids.  The  following  expresses  the  change  which  takes 
place : 

GFeSO,  +  SH^SO^  +  2HNO3  =  3re2(SO  J3  +  4H2O  +  2N0. 

The  nitric  oxide  dissolving  in  the  excess  of  ferrous  sulphate, 
gives  the  color.* 

5.  Copper  filings  and  strong  sulphuric  acid  heated  with  a 
nitrate  liberate  nitric  oxide,  thus — 

2KNO3  +  CU3  +  =  KgSO^  +  SCuSO^  +  4H2O  +  2N0. 

The  nitric  oxide  mixing  with  the  air  in  the  tube  imparts  a 
red  color  to  it,  from  the  formation  of  nitric  peroxide. 

6.  Solution  of  indigo,  boiled  with  hydrochloric  acid,  and  a 
solution  of  a  nitrate,  is  decolorized.  When  just  enough  indigo 
is  used  to  give  a  blue  color  before  the  addition  of  the  nitrate, 
the  reaction  is  very  delicate ;  it  is,  however,  not  characteristic, 
as  several  other  substances  besides  nitric  acid  (chlorine,  for 
instance)  decolorize  indigo. 

7.  A  little  brucia  dissolved  in  strong  sulphuric  acid,  when 
added  to  a  small  quantity  of  a  solution  of  a  nitrate,  gives  a 
fine  red  color.    This  reaction  is  very  delicate. 

8.  Dissolve  one  part  of  carbolic  acid  in  four  parts  of  strong 
sulphuric  acid,  and  add  two  parts  of  water.  A  drop  or  two 
of  this  fluid  added  to  a  solid  nitrate  [e.g.,  to  the  residue  ob- 
tained by  evaporating  a  few  drops  of  well-water  containing 
nitrates)  gives  a  reddish-brown  color,  from  the  formation  of  a 
nitro-compound.  On  addition  of  a  drop  or  two  of  strong 
ammonia,  this  color  turns  yellow,  sometimes  passing  through 
a  green  shade.    A  very  delicate  reaction  (H.  Sprengel). 

9.  Very  minute  quantities  of  nitric  acid  may  be  detected 

*  A  similar  reaction  is  observed  in  presence  of  selenions  acid,  but  no 
mixing  the  fluids,  and  allowing  to  stand,  red  selenium  separates. 
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by  reducing  it  first  to  nitrous  acid.  The  solution  is  heated  for 
some  time  with  zinc  amalgam,  and  filtered.  On  adding  sul- 
phuric acid,  iodide  of  potassium,  and  starch  solution,  a  blue 
color  is  produced  (see  Reactions  of  nitrous  acid) . 

10.  Free  nitric  acid  may  be  detected  by  evaporating  in  a 
porcelain  dish  to  dryness  on  a  water-bath,  with  quill  cuttings. 
These  will  be  colored  yellow. 

Chloric  Acid. 

DRY  REACTIONS. 

1.  Chlorates  deflagrate,  when  heated  on  charcoal jtav  more 
violently  than  nitrates. 

2.  Heated  on  platinum-foil  with  cyanide  of  potassium, 
chlorates  detonate  violently.  Only  minute  quantities  should 
be  used  in  this  experiment. 

WET  REACTIONS. 

3.  A  few  drops  of  strong  sulphuric  acid  added  to  a  small 
quantity  of  a  chlorate  liberate  peroxide  of  chlorine,  thus — 

3KCIO3  -f  2H,S04= 2CIO2  +  KCIO4  +  2KHSO4  -h  H^O. 

The  peroxide  of  chlorine  colors  the  sulphuric  acid  intensely 
yellow,  and  betrays  itself  also  by  its  odor  and  greenish  color. 
The  experiment  should  be  performed  in  a  watch-glass,  and 
application  of  heat  should  be  avoided,  or  an  explosion  might 
take  place. 

4.  If  a  solution  of  a  chlorate  is  colored  light-blue  with 
indigo  solution,  and  a  little  dilute  sulphuric  acid  is  added,  and 
then  sidphurous  acid,  the  blue  color  at  once  disappears.  The 
cause  of  this  equally  delicate  and  characteristic  reaction  is 
that  the  sulphurous  acid  reduces  the  chloric  acid,  and  the 
product  of  the  reduction  decolorizes  the  indigo. 

5.  If  a  chlorate  is  warmed  with  hydrochloric  acid,  water, 
chlorine,  and  chlorochloric  anhydride  (2CI2O5  .  ClgOg),  are 
formed.  The  test-tube  becomes  filled  with  a  greenish-yellow 
gas  of  a  very  disagreeable  odor,  resembling  that  of  chlorine  : 
the  hydrochloric  acid  acquires  a  greenish-yellow  color.  If  the 
hydrochloric  acid  is  colored  blue  with  indigo,  the  presence  of 
a  very  minute  quantity  of  chlorate  will  suffice  to  destroy  the 
color. 

G  2 
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6.  If  a  chlorate  is  mixed  with  carbonate  of  sodium  and 
ignited,  oxygen  is  given  off,  and  a  chloride  remains.  On  dis- 
solving the  residue,  acidifying  with  nitric  acid,  and  adding 
nitrate  of  silver,  a  precipitate  of  chloride  of  silver  will  be 
obtained. 

Boracic  Acid. 

DRY  REACTIONS. 

1.  Boracic  acid  tinges  the  Bunsen  flame  green.  Borates, 
when  fused  with  carbonate  of  sodium  in  the  flame  of  the 
spectroscope,  give  several  characteristic  lines. 

2.  If  a  substance  containing  boracic  acid  is  reduced  to  a 
fine  powder,  mixed  on  a  piece  of  paper  with  a  drop  of  water 
and  three  parts  of  a  mixture  of  acid  sulphate  of  potassium  and 
fluoride  of  calcium and  exposed  in  the  loop  of  a  platinum 
wire  to  the  blowpipe  flame,  fluoride  of  boron  escapes,  and  the 
flame  is  tinged  green  for  a  few  seconds. 

WET  REACTIONS. t 

3.  If  a  solution  of  an  alkaline  borate  is  mixed  with  hydro- 
chloric acid  to  slight  but  distinct  acid  reaction,  and  a  slip  of 
turmeric  paper  is  half  dipped  into  it,  and  then  dried  at  100°, 
the  dipped  half  shows  a  peculiar  red  tint.  This  reaction  is 
very  delicate.  Care  must  be  taken  not  to  confound  the  cha- 
racteristic red  coloration  with  the  blackish-brown  color  which 
turmeric  paper  acquires  when  moistened  with  strong  hydro- 
chloric acid,  and  dried ;  nor  with  the  brownish-red  color  which 
ferric  chloride  or  a  hydrochloric  acid  solution  of  molybdate  of 
ammonium  gives  to  turmeric  paper,  more  particularly  on  dry- 
ing. By  moistening  turmeric  paper  reddened  by  boracic  acid 
with  a  solution  of  an  alkali,  the  color  is  changed  to  bluish- 
black  or  greenish-black  ;  but  a  little  hydrochloric  acid  will  at 
once  restore  the  brownish-red  color. 

*  Consisting  of  5  parts  of  acid  sulphate  of  potassium  and  1  part  of 
finely  powdered  fluor  spar. 

f  A  solution  of  boracic  acid,  when  boiled,  loses  acid.  If,  therefore,  a 
solution  is  to  be  concentrated  by  evaporation,  it  should  be  previously 
mixed  with  potash. 
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Carbonic  Acidi 

WET  REACTIONS. 

1.  Lime  water  produces  with  carbonic  acid  a  white  pre- 
cipitate of  carbonate  of  calciam  (CaCOg).  The  reagent  ought 
always  to  be  used  in  excess,,  as  the  precipitate  is  sohible  in 
excess  of  carbonic  acid.  The  precipitate  dissolves  in  acids 
with  eflPervescence^  and^,  after  the  complete  expulsion  of  the 
carbonic  anhydride  by  boiling,  is  not  reprecipitated  by  am- 
monia. 

2.  Hydrochloric  acid  added  to  a  carbonate  produces  an 
evolution  of  carbonic  anhydride  accompanied  by  effervescence. 
The  gas  may  be  recognised  by  its  want  of  odor,  or  by  holding 
a  rod  moistened  with  lime-water  in  it,  or  by  pouring  it  off 
into  a  test-tube  containing  a  little  lime-water,  and  shaking. 

Cliromic  Acid. 

DRY  REACTION. 

1.  Compounds  of  chromic  acid  give  an  emerald,  bead  with 
borax  in  both  the  outer  and  inner  flame.    (See  p.  56,  1.) 

WET  REACTIONS^ 

2.  Hydrosulphuric  acid  add^  to  an  acidified  solution  pro- 
duces ultimately  a  green  coloration,  arising  from  reduction  of 
the  chromic  acid.  At  the  same  time  sulphur  is  separated, 
which  gives  a  milky  appearance,  thus— 

KgCrO^  .  CrOg  +  8HC1  +  SH^S  =  2KC1  +  2CrCl3  +  71ip  +  S3. 

Heat  promotes  the  reaction ;  in  this  case^  part  of  the  sulphur 
is  converted  into  sulphuric  acid. 

3.  Sulphide  of  ammonium  added  in  excess  to  a  solution  of 
an  alkaline  chromate  produces  a  dirty-green  precipitate  of 
hydrated  chromate  of  chromium ;  on  boiling,  all  the  chromium 
separates  as  green  hydrate. 

4.  Sulphurous  acid  added  to  an  acidified  solution  reduces 
the  chromic  acid,  turning  the  solution  green,  thus — 

KgCrO^  .  CrOg  +  2HC1  +  SH^SOg  =  Cr^lSO J3  +  2KCH- 4H2O. 

5.  Chloride  of  barium  produces  a  light-yellow  precipitate  of 
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chromate  of  barium  (BaCrOJ^  which  is  soluble  in  hydrochloric 
and  nitric  acids. 

6.  Nitrate  of  silver  produces  a  dark  purple-red  precipitate 
of  chromate  of  silver  (Ag^CrOJ^  which  is  soluble  in  nitric  acid 
and  ammonia.  In  slightly  acid  solutions  the  precipitate  con- 
sists of  bichromate  of  silver  (Ag^CrO^  .  CrOg). 

7.  Acetate  of  lead  produces  a  yellow  precipitate  of  chro- 
mate of  lead  (PbCrOJ  which  is  soluble  in  potash^  sparingly 
soluble  in  dilute  nitric  acid^  insoluble  in  acetic  acid.  An 
alkaline  solution  should  be  acidified  with  acetic  acid. 

8.  If  a  very  dilute  solution  of  peroxide  of  hydrogen"^  is 
covered  with  a  layer  of  ether^  and  a  fluid  containing  chromic 
acid  is  added,  the  solution  acquires  a  fine  blue  color.  On 
closing  the  test-tube  with  the  thumb,  and  inverting  it  re- 
peatedly without  much  shaking,  the  color  is  transferred  from 
the  solution  to  the  ether.  The  latter  reaction  is  peculiarly 
characteristic  and  delicate ;  one  part  of  chromate  of  potassium 
in  40,000  parts  of  water  will  be  indicated. f  The  nature  of  the 
blue  substance  is  not  known.  After  some  time  reduction  to 
chromium  salt  takes  place,  and  the  ether  loses  its  color. 

9.  Very  minute  quantities  of  chromic  acid  may  be  detected 
by  the  following  methods  : — [a)  To  the  solution  acidified 
slightly  with  sulphuric  acid  add  a  little  tincture  of  guaiacum 
(]  part  of  the  resin  in  100  of  spirit)  ;  an  intensely  blue  color  is 
produced,  which,  however,  soon  disappears  if  only  traces  of 
chromic  acid  are  present,  {b)  To  the  solution  as  neutral  as 
possible  add  a  little  dilute  decoction  of  logwood  ;  an  intensely 
black  color  is  produced ;  when  mere  traces  of  chromic  acid  are 
present  the  color  is  violet-red. 

10.  If  insoluble  chromates  are  fused  with  carbonate  of 
sodium  and  nitrate  of  potassium,  alkaline  chromate  will  be 
formed,  which  is  soluble  in  water. 

For  the  discovery  of  traces  of  chromium  present  in  many 
minerals,  such  as  serpentine,  &c.,  the  reactions  in  9  may  be 
used  after  the  mineral  has  been  fused  with  alkaline  carbonate 
and  nitrate. 

*  This  solution  may  be  easily  prepared  by  adding  a  little  powdered 
I)eroxide  of  barium  to  some  dilute  hydrochloric  acid.  In  default  of  per- 
oxide of  barium,  impure  peroxide  of  sodium  may  be  used,  which  is  obtained 
by  heating  a  small  piece  of  sodium  on  a  porcelain  crucible  lid  until  it  takes 
fire,  and  letting  it  burn. 

t  Presence  of  vanadic  acid  impairs  the  delicacy  of  the  reaction. 
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Hydrofluoric  Acid. 

WET  REACTIONS. 

1.  Chloride  of  calcium  produces  a  gelatinous  precipitate  of 
fluoride  of  calcium  (CaFg);,  which  is  so  transparent  as  at  first 
to  induce  the  belief  that  the  fluid  has  remained  perfectly  clear. 
Addition  of  ammonia  promotes  the  complete  separation  of  the 
precipitate.  The  precipitate  is  almost  absolutely  insoluble  in 
water,  and  only  very  slightly  soluble  in  hydrochloric  and  nitric 
acids  in  the  cold ;  it  dissolves  somewhat  more  largely  upon 
boiling  with  hydrochloric  acid.  Ammonia  produces  no  preci- 
pitate in  the  solution;,  or  only  a  trifling  one^  as  the  salt  of 
ammonium  formed  retains  it  in  solution.  Fluoride  of  calcium 
is  scarcely  more  soluble  in  hydrofluoric  acid  than  in  water. 
It  is  insoluble  in  alkaline  fluids, 

2.  Etching  test.  If  a  dry  fluoride  is  warmed  in  a  platinum 
crucible  with  a  little  strong  sulphuric  acid_,  and  the  crucible  is 
covered  with  a  piece  of  glass^  the  latter  will  be  found  to  be 
corroded  from  the  hydrofluoric  acid  produced. 

The  most  delicate  way  of  applying  this  test  is  as  follows  : — 
Take  a  small  piece  of  glass_,  warm  it_,  and  rub  some  wax  over  one 
side, then  allow  itto cool,  and  make  a  mark  on  the  waxed  sidewith 
a  sharp  point.  If  a  flnely  powdered  fluoride  is  treated  in  a  plati- 
num crucible  with  just  enough  strong  sulphuric  acid  to  make  it 
into  a  thin  paste^  and  the  crucible  is  covered  with  the  prepared 
glass  and  placed  in  a  warm  place  for  half  an  hour^  the  mark 
will  be  found;,  after  the  removal  of  the  wax,  to  be  etched  into 
the  glass.  When  only  a  mere  trace  of  fluorine  is  present_,  the 
etching  may  not  appear  until  the  glass  is  breathed  upon. 

This  reaction  fails  if  there  is  too  much  silica  present,  or  if 
the  substance  is  not  decomposed  by  sulphuric  acid.  In  such 
cases  one  or  other  of  the  two  following  methods  is  resorted  to, 
according  to  circumstances  : — 

3.  In  the  case  of  a  fluoride  decomposable  by  sulphuric  acid 
mixed  with  a  large  quantity  of  silica^  the  substance  may  be 
heated  with  strong  sulphuric  acid  in  a  test-tube,  when  fluoride 
of  silicon  will  be  evolved,  which  forms  white  fumes  in  the  air. 
If  the  gas  is  conducted  into  water,  gelatinous  silicic  acid  will 
separate  in  the  water. 

The  following  modification  answers  best  for  the  detection 
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of  traces  of  fluorine.  Heat  tlie  substance  witli  strong  sul- 
phuric acid  in  a  flask  closed  with  a  cork  bearing  two  tubes, 
one  of  which  reaches  to  the  bottom  of  the  flask,  whilst  the 
other  just  passes  through  the  cork.  Pass  into  the  flask  through 
the  long  tube  a  slow  stream  of  dry  air,  and  conduct  the  air 
reissuing  from  the  other  tube  into  a  U-tube  containing  a  little 
ammonia  and  connected  with  an  aspirator.  The  fluoride  of 
silicon  which  escapes  with  the  air  decomposes  with  the  am- 
monia, more  particularly  if  a  gentle  heat  is  applied  to  the 
U-tube  towards  the  end  of  the  process,  fluoride  of  ammonium 
and  silicic  acid  being  formed.  Filter,  evaporate  in  a  platinum 
crucible  to  dryness,  and  examine  the  residue  according  to  2. 

4.  Silicates  not  decomposable  by  sulphuric  acid  must  first 
be  fased  with  four  parts  of  carbonate  of  potassium  and  sodium. 
The  fused  mass  is  treated  with  water,  the  solution  filtered,  the 
filtrate  concentrated  by  evaporation,  allowed  to  cool,  trans- 
ferred to  a  platinum  vessel,  hydrochloric  acid  added  to  feebly 
acid  reaction,  and  the  fluid  allowed  to  stand  until  the  car- 
bonic anhydride  has  escaped.  It  is  then  supersaturated  with 
ammonia,  heated,  filtered  into  a  flask,  mixed  with  chloride  of 
calcium,  corked  up,  and  allowed  to  stand.  If  a  precipitate 
separates  after  some  time,  it  is  filtered  off,  dried  and  examined 
according  to  2. 

Phosphoric  acid. 

WET  REACTIONS. 

1 .  If  sulphate  of  magnesium,  mixed  with  a  sufficient  quan- 
tity of  chloride  of  ammonium  to  leave  the  solution  clear  upon 
addition  of  ammonia,  is  added  to  a  solution  containing  phos- 
phoric acid,  and  then  ammonia  in  excess  is  added,  a  white 
crystalline  precipitate  is  formed,  which  rapidly  subsides.  The 
precipitate  is  phosphate  of  magnesium  and  ammonium 
(MgNH^PO^  + 6aq.) ;  it  is  insoluble  in  ammonia,  and  most 
sparingly  soluble  in  chloride  of  ammonium,  but  dissolves  readily 
in  acids,  even  in  acetic  acid.  It  is  sometimes  slow  in  appearing ; 
stirring  promotes  its  separation.  This  reaction  can  be  con- 
sidered decisive  only  if  arsenic  acid  is  absent. 

2.  Nitrate  of  silver  throws  down  from  neutral  solutions  a 
light-yellow  precipitate  of  phosphate  of  silver  (AggPOJ,  readily 
soluble  in  nitric  acid  and  ammonia. 
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3.  The  solution  of  molybdate  of  ammonium  in  nitric  acid 
(see  p.  7)  gives  in  the  cold  a  finely-divided  yellow  pre- 
cipitate^ which  speedily  subsides.  With  very  minute  quanti- 
ties of  phosphoric  acid — as^  for  instance^  "02  mgrm. — a  few  hours 
must  be  allowed  for  the  manifestation  of  the  reaction^  and  the 
liquid  should  be  gently  warmed_,  but  not  above  40°.  The 
fluid  above  the  precipitate  appears  colorless.  Not  more  than 
an  equal  volume  of  the  fluid  to  be  tested  should  be  added  to 
the  molybdate  solution.  A  mere  yellow  coloration  of  the  fluid 
should  never  be  considered  to  prove  the  presence  of  phosphoric 
acid. 

The  yellow  precipitate  consists  of  molybdic  acid^  ammonia^ 
water^  and  a  little  phosphoric  acid  (about  three  per  cent.).  As  it 
is  insoluble  in  dilute  acids  only  in  presence  of  an  excess  of 
molybdic  acid,  addition  of  phosphoric  acid  in  excess  may  pre- 
vent its  formation.  Presence  of  large  quantities  of  hydro- 
chloric acid  and  of  certain  organic  substances  (tartaric  acid, 
for  instance)  interferes  with  the  precipitation.  The  precipitate 
after  subsiding  may  be  readily  recognised  in  dark-colored 
fluids.  By  washing  it  with  the  molybdate  solution,  dissolving 
in  ammonia,  and  adding  chloride  of  ammonium  and  sulphate 
of  magnesium,  the  precipitate  of  phosphate  of  magnesium  and 
ammonium  may  be  obtained. 

By  conducting  the  operation  in  the  way  indicated,  phos- 
phoric acid  cannot  well  be  confounded  with  any  other  acid, 
since  arsenic  acid  gives  no  precipitate  in  the  cold  with  this 
reagent,  though  it  gives  one  upon  application  of  heat,  and 
especially  upon  boiling  (the  supernatant  fluid  appearing 
yellow) ;  and  silicic  acid  shows  no  reaction  in  the  cold,  and 
gives  only  a  yellow  coloration  on  heating,  but  no  precipi- 
tate. 

4.  White  of  Egg  is  not  precipitated  by  solution  of  phos- 
phoric acid,  nor  by  solutions  of  phosphates  mixed  with  acetic 
acid. 

5.  An  insoluble  substance  containing  phosphoric  acid  may 
be  fused  in  a  platinum  crucible  with  three  parts  of  carbonate  of 
sodium,  one  part  of  nitrate  of  potassium,  and  one  part  of  silica. 
On  boiling  the  fluid  mass  with  water,  decanting  the  solution, 
adding  carbonate  of  ammonium  to  it,  boiling,  and  filtering 
from  the  silicic  acid,  the  phosphoric  acid  will  be  obtained  in  the 
solution  in  the  form  of  alkaline  phosphate. 
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Silicic  Acid. 

DRY  REACTION. 

1.  If  a  fragment  of  silica  or  a  silicate  is  heated  in  a  bead 
of  microcosmic  salty  the  silica  remains  undissolved^  and  floats 
about  in  the  bead  as  a  more  or  less  transparent  mass  (called  a 
skeleton);,  exhibiting  the  shape  of  the  original  fragment.  In 
the  case  of  a  silicate  the  bases  dissolve. 

WET  REACTIONS. 

2.  Chloride  of  ammonium  produces  in  not  too  dilute  solu- 
tions of  alkaline  silicates  a  precipitate  of  hydrated  silica  (con- 
taining alkali).     Heatiog  promotes  the  separation. 

3.  The  solutions  of  alkaline  silicates  are  decomposed  by 
all  acids.  If  a  large  proportion  of  hydrochloric  acid  is  added 
at  once  even  to  concentrated  solutions,  the  separated  silica 
remains  in  solution ;  but  if  hydrochloric  acid  is  added  drop  by 
drop  while  the  fluid  is  stirred,,  the  greater  part  of  the  silica 
separates  as  gelatinous  hydrate. 

If  the  solution,  after  having  been  mixed  with  excess  of 
hydrochloric  acid,  is  evaporated  to  dryness,  and  the  residue  is 
thoroughly  dried  by  being  powdered  in  the  dish  with  a  pestle 
and  heated  again,  the  whole  of  the  silica  will  be  rendered  in- 
soluble, and  may  be  separated  by  treating  the  residue  with 
hydrochloric  acid  and  water. 

DECOMPOSITION  OF  NATURAL  SILICATES. 

The  silicates  must  in  all  cases  be  very  finely  powdered, 
before  being  subjected  to  any  of  these  processes. 

By  treatment  with  hydrochloric^  nitric,  or  sulphuric  acid. 
Applicable  to  some  silicates.  Some  silicates  are  decomposed 
by  hydrochloric  or  nitric  acid.  To  effect  the  complete  separa- 
tion of  the  silica,  the  mixture  of  silicate  and  acid  is  evaporated 
to  dryness,  heated  at  a  temperature  rather  above  the  boiling 
point  of  water  until  no  more  acid  fumes  escape,  lumps  being 
broken  up  with  a  pestle  so  that  the  whole  may  be  completely 
dried.  The  powder  is  then  moistened  with  hydrochloric  acid, 
heated  with  water,  and  filtered.  The  filtrate  contains  the 
metals,  and  the  residue  contains  all  the  silica. 

Some  silicates,  kaolin  for  instance,  not  decomposable  by 
hydrochloric  or  nitric  acid,  are  completely  decomposed  by 
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heating  with  a  mixture  of  eight  parts  of  strong  sulphuric  acid 
and  three  parts  of  water,  the  silica  being  separated  in  the 
form  of  a  powder. 

SiKcates  not  decomposable  by  boiling  with  hydrochloric  or 
sulphuric  acid  in  the  open  air^  may  generally  be  completely 
decomposed  by  heating  with  the  acids  in  sealed  glass  tubes  at 
200° — 210°  in  an  air  or  paraffin  bath. 

By  treatment  with  hydrofluoric  acid.  Applicable  to  all 
silicates.  If  a  silicate  is  mixed  with  three  parts  of  fluoride  of 
ammonium  or  five  parts  of  fluoride  of  calcium  in  powder,  and 
then  made  into  a  paste  with  strong  sulphuric  acid,  and  heated 
in  the  open  air  until  no  more  acid  fumes  escape,  the  whole  of 
the  silica  passes  ofi*  as  fluoride  of  silicon.  The  metals  present 
are  found  in  the  residue  as  sulphates  (mixed  with  sulphate  of 
calcium,  if  fluor  spar  has  been  used) . 

By  fusion  with  carbonate  of  potassium  and  sodium.  Applicable 
to  all  silicates.  The  silicate  is  fused  with  four  parts  of  the  car- 
bonate of  potassium  and  sodium  until  the  evolution  of  carbonic 
acid  has  ceased,  and  the  fused  mass  is  then  boiled  with 
water,  mixed  with  hydrochloric  acid  to  strongly  acid  reaction, 
evaporated  to  dryness,  and  heated  at  a  temperature  rather  above 
100°  until  no  more  acid  fumes  escape,  lumps  being  broken  up 
with  a  pestle  so  that  the  whole  may  be  completely  dried.  The 
powder  is  then  moistened  with  hydrochloric  acid,  heated  with 
water,  and  filtered.  The  filtrate  contains  the  metals,  and  the 
residue  contains  all  the  silica. 

By  fusion  with  hydrate  of  barium.  Applicable  to  all  silicates. 
The  silicate  is  fused  with  four  parts  of  hydrate  of  barium,  and 
the  fused  mass  is  treated  as  just  mentioned. 

Sulpburic  Acid. 

DRY  REACTION. 

1.  Upon  fusing  a  sulphate  with  carbonate  of  sodium  on 
charcoal  in  the  inner  flame  of  the  blowpipe,  sulphide  of  sodium 
is  formed.  The  fused  mass  will  now  evolve  sulphuretted  hydro- 
gen if  treated  with  an  acid ;  or  if  placed  upon  a  clean  silver 
coin  and  moistened  with  acid,  it  will  produce  a  black  stain  of 
sulphide  of  silver. 

WET  REACTIONS. 

2.  Chloride  of  barium  produces  a  finely- divided,  heavy 
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white  precipitate  of  sulphate  of  barium  (BaSOJ^  which  is  in- 
soluble in  dilute  hydrochloric  and  nitric  acids.  In  the  case  of 
very  dilute  solutions^  the  mixture  should  be  allowed  to  stand 
several  hours ;  the  trace  of  precipitate  formed  will  then  be  found 
at  the  bottom  of  the  vessel.  Concentrated  acids  and  concen- 
trated solutions  of  many  salts  impair  the  delicacy  of  the 
reaction. 

3.  Acetate  of  lead  produces  a  heavy  white  precipitate  of 
sulphate  of  lead  (PbSOJ^  which  is  sparingly  soluble  in  dilute 
nitric  acid_,  but  dissolves  completely  in  hot  strong  hydrochloric 
acid. 

4.  To  detect  free  sulphuric  acid  the  fluid  is  mixed  with  a 
very  little  cane  sugar  and  evaporated  to  dryness  at  100°.  A 
black  residue  will  remain,,  or  in  the  case  of  mere  traces  a 
blackish- green  residue.  No  other  free  acid  decomposes  cane 
sugar  in  this  way. 

5.  Insoluble  sulphates^  when  fused  with  alkaline  carbo- 
nateSj  give  soluble  alkaline  sulphates. 
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GENERAL  EEMAEKS. 

Where  there  is  reason  to  believe  that  a  substance  given  for 
analysis  is  not  mixed^  and  where  it  exactly  resembles  any- 
common  element^  it  may  be  examined  as  follows,  according  to 
a  ox  b. 

a.  If  the  substance  exactly  resembles  a  certain  non-metal, 
such  as  sulphur,  iodine,  carbon,  &c.,  an  examination  of  its  pro- 
perties— its  behaviour  under  ignition,  under  treatment  with 
solvents,  &c. — will  suffice  to  identify  it.  Thus  if  the  substance 
looks  like  sulphur,  it  should  be  heated  on  a  piece  of  porcelain ; 
if  it  melts,  burns  with  a  blue  flame,  emits  a  smell  of  sulphurous 
acid,  and  leaves  no  residue,  it  may  be  considered  to  be  sulphur. 
Thus,  again,  if  the  substance  looks  like  blacklead,  marks  paper 
in  the  same  way,  and  will  not  burn  nor  dissolve  in  acids,  it 
may  be  considered  to  be  blacklead. 

b.  If  the  substance  exactly  resembles  a  certain  metal,"^ 
such  as  lead,  copper,  iron,  &c.,  it  should  be  divided  finely  if 
possible  (by  filing,  cutting,  or  pounding),  and  heated  with  a 
mixture  of  equal  parts  of  strong  nitric  acid  and  water  till  all 
action  has  finished.  If  a  white  powder  is  formed  which  will 
not  dissolve  even  on  dilution  with  water,  this  consists  of  oxide 
of  tin  or  oxide  of  antimony,  and  indicates  the  presence  of  one 
of  these  metals  they  are  so  different  that  you  cannot  be  in 
doubt  which  the  substance  actually  consists  of.  If  on  treating 
with  water  a  clear  solution  is  obtained,  it  should  be  examined 
according  to  p.  99,  et  seq. 

But  in  general  whatever  the  substance  may  look  like,  it 
should  be  examined  by  the  prescribed  course;  indeed  this  is 
the  only  safe  way  of  analysing  it. 

The  study  of  analysis  proper  is  usually  divided  into  two 

*  The  student  should  be  cautioned  against  mistaking  alloys  for  simple 
metals.  It  may  also  be  mentioned  that  certain  metallic  sulphides,  such 
as  galena,  stibnite,  iron  pyrites,  and  copper  pyrites,  look  like  metals,  but 
then  they  do  not  exactly  resemble  any  individual  metal. 
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parts_,  viz.^  the  Analysis  of  Simple  Substances  (i.e.,  oxides^  acids, 
simple  salts)  and  the  Analysis  of  Mixed  Substances.  In  going 
through  the  first  part  the  student  has  substances  given  him  to 
analyse  in  which  he  is  not  expected  to  find  more  than  one 
metal  and  one  acid.  The  mixtures  given  for  analysis  in  the 
second  part  may  contain  any  number  of  simple  substances,  and 
in  analysing  them  the  student  is  expected  to  look  for  every 
metal  and  every  acid,  and  either  to  find  it  or  prove  its  absence. 

The  chief  object  of  the  first  part  is  to  prepare  the  way  for 
the  second  part. 

The  Preliminary  Examination,  Examination  of  Solubility, 
and  Preparation  of  the  Solution,  are  nearly  the  same  in  both 
parts. 

PRELIMINARY  (DRY)  EXAMINATION. 

Heat  the  substance  in  an  ignition-tube  before  the  blowpipe. 
The  substance  sublimes. 

1.  Heat  the  substance  with  potash  in  a  test-tube,  and 
smell  the  vapor.  If  ammonia  is  given  off,  ammonium 
is  indicated. 

2.  Heat  the  substance  with  dry  carbonate  of  sodium 
in  an  ignition-tube.  If  globules  of  mercury  sublime, 
mercury  is  indicated.  If  a  steel-grey  mirror  is 
formed,  arsenic  is  indicated. 

Yellow  drops  of  sulphur  sublime.    Sulphur  is  indicated. 

Heat  the  substance  with  carbonate  of  sodium  on  charcoal  in 
the  inner  blowpipe  flame. 

Metallic  globules  indicate  silver  or  lead  if  malleable, 

antimony  or  bismuth  if  brittle. 

A  garlic  odor  indicates  arsenic. 

Deflagration  indicates  a  nitrate  or  chlorate. 

If  the  substance  is  colored,  heat  it  in  the  borax  bead  in  the 
outer  blowpipe  flame. 

The  cold  bead  is  blue.     Cobalt  or  copper  is  indicated. 

green.    Chromium  is  indicated. 
dark-yellow  or  bottle-green.     Iron  is  in- 
dicated. 

reddish' brown.     Nickel  is  indicated. 
amethyst-red.     ZHangranese  is  indicated. 
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Dip  a  clean  platinum  wire  in  strong  hydrochloric  acid,  then 
in  the  substance_,  and  hold  it  in  the  Bunsen  flame. 
The  flame  is  colored  azure.     Copper  is  indicated. 

green.     Copper  or  boracic  acid  is 
indicated. 

yellowish-green.  Barium  is  indicated. 

crimson.     Strontium  is  indicated.  • 

red.     Calcium  is  indicated. 

yellow.     Sodium  is  indicated. 

violet.    Potassium  is  indicated, 

EXAMINATION  OF  SOLUBILITY. 

The  solvents  used  are  water,  hydrochloric  acid,  nitric  acid, 
and  aqua  regia.  In  this  examination  very  small  quantities  of 
the  substance  are  taken. 

In  the  case  of  a  simple  substance,  the  powdered  body  is  first 
boiled  with  water.  If  it  will  not  dissolve  in  a  moderate  pro- 
portion, it  should  be  considered  to  be  insoluble  in  water,  and 
very  finely  powdered  before  proceeding.  Separate  portions  of 
the  fine  powder  are  then  heated  with  dilute  hydrochloric  acid, 
strong  hydrochloric  acid,  dilute  nitric  acid,  strong  nitric  acid, 
and  aqua  regia  (in  this  order) ,  till  a  solvent  is  found  or  the  sub- 
,  stance  is  proved  to  be  insoluble.  Whenever  a  simple  substance 
will  not  dissolve  in  a  moderate  proportion  of  any  fluid,  it  is 
considered  to  be  insoluble  in  that  fluid.  In  heating  a  strong 
acid  with  a  substance,  the  acid  should  not  be  boiled  violently, 
as  such  boiling  wastes  the  acid. 

In  the  case  of  a  mixed  substance,  if  it  cannot  be  dissolved 
completely  with  the  aid  of  the  above  solvents,  some  of  the  con- 
stituents may  be  soluble.  Whether  this  is  so  or  not  may  be 
ascertained  by  filtering  off  the  residue  after  the  substance  has 
been  heated  with  a  solvent,  and  evaporating  a  drop  of  the 
filtrate  on  a  piece  of  porcelain. 

Certain  bodies  show  a  peculiar  deportment  in  this  examina- 
tion; thus,  litharge,  when  boiled  with  strong  nitric  acid,  is 
converted  into  nitrate  of  lead,  which  is  insoluble  in  strong 
nitric  acid,  but  will  dissolve  on  addition  of  water.  Thus,  again, 
sulphide  of  antimony,  when  heated  with  strong  nitric  acid,  is 
converted  into  white  oxide,  which  does  not  dissolve  in  tlie 
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nitric  acid,  but  will  dissolve  immediately  on  the  addition  of 
strong  hydrocliloric  acid. 

If  on  heating  a  substance  with  acids  it  dissolves  with  ex- 
ception of  sulphur  or  gelatinous  silica,  the  substance  is  con- 
sidered to  be  soluble,  the  mixture  of  fluid  and  precipitate 
being  treated  as  mentioned  below. 

PREPARATION  OF  THE  SOLUTION. 

In  the  case  of  a  simple  substance,  dissolve  it  in  the  proper 
solvent. 

In  the  case  of  a  mixed  substance,  if  any  part  is  soluble,  dis- 
solve what  you  can  and  wash  the  residue,  adding  the  first 
washings  to  the  solution.  (The  residue  is  examined  as  an 
insoluble  substance.) 

If  sulphur  separates,  the  rest  being  dissolved,  dilute  and 
filter_,  wash  the  residue  a  little  and  heat  it  on  a  piece  of  porce- 
lain, when  it  should  burn  with  a  smell  of  sulphurous  acid  ; 
it  may  probably  leave  a  residue,  as  it  is  liable  to  have  some  of 
the  substance  enclosed  in  it.  If  gelatinous  silica  separates, 
the  rest  being  dissolved,  evaporate  the  whole  (with  excess  of 
acid)  to  dryness,  and  take  up  again  with  hydrochloric  acid  and 
water ;  the  silica  will  be  left  undissolved. 

If  needle-shaped  crystals  are  deposited  from  an  acid  solu- 
tion, they  probably  consist  of  chloride  of  lead  ;  they  should 
be  filtered  off,  washed,  and  examined  at  once=  They  should  be 
soluble  in  boiling  water,  and  one  portion  of  the  solution 
should  give  a  yellow  precipitate  with  bichromate  of  potassium, 
while  another  portion  should  give  a  white  curdy  precipitate 
with  nitrate  of  silver  insoluble  in  nitric  acid. 

If  on  diluting  an  acid  solution  a  white  precipitate  forms, 
antimony  or  bismuth  is  indicated.  The  precipitate  may  at  once 
be  redissolved  by  the  addition  of  hydrochloric  acid  if  neces- 
sary. 

When  nitric  acid  is  used  for  dissolving  the  substance,  mer- 
cury, tin  and  iron,  if  present,  will  f)e  converted  into  the  dyad, 
tetrad  and  triad  states  respectively,  and  arsenic,  if  present, 
will  be  converted  into  arsenic  acid ;  consequently  if  any  of 
these  metals  are  found,  the  original  substance  must  be  examined 
to  see  in  what  state  they  are  actually  present. 
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In  whicli  the  student  is  not  expected  to  find  more  than  one 
metal  and  one  acid. 

SOLUBLE  SUBSTANCES. 

DETECTION  OF  THE  METAL. 

The  indications  afforded  by  the  dry  examination  are  in 
certain  cases  so  conclusive  as  to  leave  no  room  for  doubt  con- 
cerning which  metal  is  present.  However^  as  the  object  of 
this  part  is  practice,  the  student  should  in  all  cases  proceed  to 
the  wet  examination  as  follows. 

As  soon  as  one  metal  is  found,  the  student  should  stop  and 
go  on  to  the  Detection  of  the  Acid,  unless  the  metal  is  arsenic 
or  chromium.  If  arsenic  is  found,  it  was  probably  present  as 
an  acid,  and  another  metal  must  be  looked  for.  If  chromium 
,  is  found,  and  chromic  acid  is  present  in  the  original  solution, 
another  metal  must  also  be  looked  for. 


Treat  some  of  the  solution  as  follows,  reserving  the  rest  for 
any  tests  that  may  have  to  be  appKed  to  it  directly  in  the  sub- 
sequent course. 

1.  Add  hydrochloric  acid  in  good  excess  (if  not  already  used 
in  dissolving).  If  a  precipitate  is  formed,  take  a  small  portion 
of  the  mixed  precipitate  and  fluid  and  add  to  it  ammonia  in 
excess.    The  precipitate 

redissolves.     Indication  of  silver. 

turns  black.  Indication  of  monad  mercury.  Confirm 
by  adding  stannous  chloride  to  the  original  solution. 
appears  unaltered.  Indication  of  lead.  Confirm  by 
throwing  the  rest  of  the  mixed  precipitate  and  fluid  onto  a 
filter,  and  boiling  the  precipitate  with  water,  when  it 
should  redissolve. 

H  2 
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2.  To  the  fluid  treated  with  hydrochloric  acid,  add  sulphuret- 
ted hydrogen  water^  until  it  distinctly  smells  after  shaking, 
and  heat.  If  a  white  precipitate  is  formed,  proceed  as  if  there 
were  no  precipitate,  as  it  consists  of  sulphur  separated  from- 
the  sulphuretted  hydrogen  by  triad  iron  or  chromic  acid,  &c. 
When  chromic  acid  is  present,  besides  sulphur  being  precipi- 
tated, the  solution  which  was  originally  red  changes  to  green. 
If  a  colored  precipitate  is  formed,  and  it  is 

yelloiv.    This  consists  of  sulphide  of  cadmium,  sulphide 
of  arsenic  or  stannic  sulphide.    Mix  a  portion  of  the  fluid 
containing  the  precipitate  with  excess  of  ammonia,  add 
sulphide  of  ammonium,  and  heat.    The  precipitate 
remains  undissolved.    It  is  sulphide  of  cadmium. 
dissolves.    It  is  sulphide  of  arsenic  or  sulphide  of 
tetrad  tin.     Remembering  the  results  of  the  pre- 
liminary examination  you  will  not  be  in  doubt  which. 
orange  colored.    It  is  sulphide  of  antimony.    Confirm  by 
treating  the  original  solution  with  zinc  and  hydrochloric 
acid  in  a  platinum  crucible  lid. 

dark  colored.  It  is  sulphide  of  lead,  mercuric  sulphide, 
sulphide  of  bismuth,  sulphide  of  copper,  or  stannous  sul- 
phide.   To  the  original  solution  add 

sulphuric  acid.  A  white  precipitate  indicates  lead. 
Confirm  by  testing  the  original  solution  with  bichro- 
mate of  potassium. 

potash.   A  yellow  precipitate  indicates  dyad  mercury. 

ammonia  in  excess. 

A  white  precipitate  is  formed.   Filter  it  off,  dissolve 
it  in  a  drop  or  two  of  hydrochloric  acid  on  a 
watch-glass,  and  then  dilute.    A  precipitate  indi- 
cates bismuth. 
A  blue  color  indicates  copper. 

mercuric  chloride.      A   white   precipitate  indicates 

dyad  tin. 

*  If  arsenic  was  found  in  the  preliminary  examination  it  may  be  pre- 
sent here  as  arsenic  acid,  when  it  would  not  be  precipitated  readily  by 
sulphuretted  hydrogen.  In  this  case,  therefore,  the  solution  should  be 
boiled  with  acid  sulphite  of  ammonium,  and  the  excess  of  sulphurous  acid 
driven  ofiF,  before  sulphuretted  hydrogen  is  added. 
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3.  To  the  fluid  mixed  with  hydrosulphuric  acid,  add  chloride 
of  ammonium,  excess  of  ammonia,  and  sulphide  of  ammonium. 
The  precipitate  is 

black.  It  consists  of  sulphide  of  nickel,  sulphide  of  cobalt, 
or  sulphide  of  iron.  To  the  original  solution  add  potash. 
The  precipitate  is 

light  green,  and  does  not  change  color  on  exposure  to  the 
air.  Nickel  is  indicated.  This  is  confirmed  by  the 
results  of  the  dry  examination. 

blue.  Cobalt  is  indicated.  Found  already  in  the 
dry  examination. 

dirty  green,  and  soon  turns  brown  on  exposure  to  the 
air.     Indication  of  dyad  iron.     Confirm  by  adding 
ferricyanide  of  potassium  to  the  original  solution. 
brown.     Indication  of  triad  iron.      (The  solution 
should  have  given  a  precipitate  of  sulphur  on  the 
previous  treatment  with  hydrosulphuric  acid.)  Con- 
firm by  adding  sulphocyanide  of  potassium  to  the 
original  solution. 
not  black.^    It  is  sulphide  of  manganese,  sulphide  of  zinc, 
hydrate  of  chromium,  hydrate  of  aluminium,  silicic  acid,  or 
a  silicate,  phosphate,  borate  or  fluoride  of  barium,  strontium, 
calcium  or  magnesium. f     IMIang-anese  will  have  been 
indicated  in  the  dry  examination;  its  presence  may  be 
proved  by  fusing  some  of  the  precipitate  in  a  platinum 
loop  with  carbonate  of  sodium  and  nitrate  of  potassium. 
Chromium  will  have  been  found  already  in  the  dry  exami- 
nation.   If  neither  of  these  two  metals  are  present,  evapo- 
rate a  portion  of  the  original  solution  to  dryness  with 
hydrochloric  acid,  moisten  the  residue  with  hydrochloric 
acid,  and  add  water.   If  a  residue  remains,  it  is  silica ;  filter 
it  off*,. and,  test  the  filtrate  for  the  metal  (barium,  strontium, 
calcium,  magnesium,  potassium,  or  sodium)  as  directed  4 
et  seq.,  p.  103.    If  silica  is  absent,  add  tartaric  acid  to  a 
portion  of  the  original  solution,  and  then  ammonia  in  excess. 
No  permanent  precipitate  is  formed.     Indication  of 

*  If  the  precipitate  is  pure  flesh-color,  manganese  is  indicated  ;  if  pure 
bluish-green,  chromium  is  indicated  ;  if  pure  white,  one  of  the  other  bodies 
is  indicated.  But  traces  of  iron,  which  are  often  present,  will  often  darken 
these  colors. 

t  If  the  body  was  soluble  in.  water,  these  salts  are  not  present. 


102 


GENERAL  ANALYSIS. 


zinc  or  aluminium.  Mix  the  original  solution  with 
excess  of  potash^  and  divide  the  clear  solution  in  half. 

1.  Add  hydrosulphuric  acid.    A  precipitate  indi- 
cates zinc. 

2.  Add  chloride  of  ammonium  and  heat.    A  pre- 
cipitate indicates  aluminium. 

A  permanent  precipitate  is  formed.  Indication  of  a 
phosphate,,  borate,  or  fluoride  of  barium,  strontium, 
calcium,  or  magnesium.    Proceed  as  follows  : — 

1.  To  the  original  hydrochloric  acid  solution  add 
ammonia,  till  a  precipitate  forms,  then  acetic  acid 
till  this  is  redissolved,  lastly  acetate  of  sodium 
and  a  drop  of  ferric  chloride ;  the  formation  of  a 
white  flocculent  precipitate  indicates  phosphoric 
acid.  If  phosphoric  acid  is  present  ^  add  now 
some  more  ferric,  chloride,  until  the  fluid  is  dis- 
tinctly red,  boil,  filter  boiling,  and  test  the  filtrate, 
which  is  now  free  from  phosphoric  acid,  for  the 
alkaline  earthy  metal,  as  directed  4  et  seq.,  p.  103, 
after  having  separated  by  ammonia  any  iron  which 
may  have  dissolved, 

2.  Boracic  acid  is  tested  for  by  nearly  neutra- 
lizing the  hydrochloric  acid  solution,  moistening 
turmeric  paper  with  it,  and  drying  the  paper.  If 
boracic  is  present,  the  metal  is  found  by  boiling 
the  original  substance  with  carbonate  of  sodium, 
filtering  ofi*  the  carbonate  produced,  washing  it, 
dissolving  it  in  the  least  quantity  of  hydrochloric 
acid,  evaporating  to  dryness,  dissolving  the  residue 
in  water,  and  testing  as  directed  4  et  seq.,  p.  103. 

3.  Hydrofluoric  acid  is  detected  by  treating  a 
portion  of  the  original  substance  with  strong  sul- 
phuric acid,  and  etching  glass  with  the  gas  evolved. 
To  discover  the  metal,  the  residue  is  ignited,  to 
drive  off"  all  the  hydrofluoric  acid,  and  the  excess 
of  sulphuric  acid,  powdered  and  fused  with  car- 
bonate of  potassium  and  sodium.  The  fused  mass 
is  poured  out  onto  a  cold  stone,  powdered,  boiled 
with  water,  and  filtered.  The  residue  on  the  filter 
is  washed  well  with  water,  dissolved  in  hydrochloric 
acidj  and  tested  according  to  4  et  seq. 
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4,  To  tlie  fluid  mixed  with  chloride  of  ammonium^  ammonia 
aud  sulphide  of  ammonium^  add  carbonate  of  ammonium,  and 
heat  gently.  If  a  precipitate  is  formed,  filter  it  off,  wash  it,  and 
dissolve  in  the  least  quantity  of  warm  hydrochloric  acid  by 
pouring  the  acid  on  the  filter.  To  a  portion  of  the  solution  . 
add  sulphate  of  calcium. 

A  precipitate  forms  immediately .  Barium  is  indicated. 
A  precipitate  forms  after  some  time.  Strontium  is  in- 
dicated. The  substance  will  have  tinged  the  Bunsen  flame 
crimson  in  the  preliminary  examination. 
No  turbidity  occurs  even  after  ten  minutes'  standing. 
Calcium  is  indicated.  Confirm  by  adding  ammonia  in 
excess  and  oxalate  of  ammonium  to  another  portion  of  the 
dissolved  precipitate. 

5,  To  the  fluid  mixed  wnth  carbonate  of  ammonium  add 
phosphate  of  sodium  and  stir  well. 

A  crystalline  precipitate  is  formed.  Mag-nesium  is  in- 
dicated. 

No  precipitate  is  formed.  Potassium,  sodium,  or  ammonium 
is  probably  present.  Dissolve  some  of  the  original  sub- 
stance in  the  least  quantity  of  water  in  a  watch-glass,  add 
a  few  drops  of  hydrochloric  acid  and  a  few  drops  of 
chloride  of  platinum  to  the  solution,  and  stir  well.* 

A  yellow  precipitate  is  formed.  Indication  of 
potassium  or  ammonium.  Which  is  actually 
present  cannot  be  doubted  if  the  result  of  the  first 
preliminary  experiment  is  remembered,  since  potassium 
compounds  are  fixed  and  ammonium  compounds  volatile. 
No  precipitate  is  formed.  Sodium  is  indicated.  The 
substance  should  have  given  a  yellow  color  in  the 
Bunsen  flame  in  the  preliminary  exajnination. 


DETECTION  OF  THE  ACID. 


Nitric  acid  or  chloric  acid  will  have  been  already  indicated 

*  If  a  dark  color  (from  iodine)  is  produced  on  the  addition  of  the  pla- 
tinum solution,  the  experiment  should  be  repeated  in  the  same  manner, 
with  the  substitution  of  a  strong  solution  of  tartaric  acid  for  the  hydro- 
chloric acid  and  chloride  of  platinum.  A  white  crystalline  precipitate 
will  indicate  potassium  or  ammonium. 
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by  the  deflagration  on  charcoal  in  the  preliminary  examina- 
tion. The  presence  of  nitric  acid  may  be  proved  by  dis- 
solving the  substance  in  water^  adding  solution  of  ferrous  sul- 
phate^ and  then  holding  the  tube  obliquely  and  pouring 
strong  sulphuj^ic  acid  down  to  the  bottom.  The  presence 
of  chloric  acid  may  be  proved  by  adding  sulphuric  acid  to 
the  aqueous  solution  of  the  substance  and  then  indigo  solution 
and  sulphurous  acid. 

Chromic  acid  will  have  been  indicated  already  by  the  red 
color  of  the  solution  on  addition  of  hydrochloric  acid,  and  by 
its  turning  green  on  the  subsequent  addition  of  hydrosulphuric 
acid. 

Silicic  acid  will  have  been  found  already. 

If  neither  of  these  acids  is  present,  refer  to  the  Table  of 
Solubility  at  the  end  of  the  book,  consider  which  acids  may 
be  present,  and  look  for  these. 

1.  Hydrosulphuric  and  carbonic  acids  may  be  detected  by 
heating  the  dry  powdered  substance  with  dilute  hydrochloric 
acid  in  a  test-tube. 

If  hydrosulphuric  acid  is  present  it  will  be  given  off,  and 
may  be  recognised  by  its  smell,  or  by  its  turning  paper  wetted 
with  acetate  of  lead  black. 

If  carbonic  acid  is  present,  carbonic  anhydride  will  be 
given  off  with  brisk  effervescence ;  the  gas  may  be  recognised 
by  its  want  of  odor,  and  by  its  giving  a  precipitate  with  lime- 
water  after  being  poured  off  into  a  fresh  test-tube. 

2.  Hydrochloric,  hydrobromic,  and  hydriodic  acids  are 
detected  as  follows.  If  the  substance  is  soluble  in  water, 
dissolve  in  water,  acidify  with  nitric  acid,  and  to  a  portion  of 
the  solution  add  nitrate  of  silver.  If  the  substance  is  insoluble 
in  water,  boil  it  (the  dry  substance)  with  solution  of  carbonate 
of  sodium,  filter  off  the  residue,  acidify  the  filtrate  with  nitric 
acid,  and  to  a  portion  add  nitrate  of  silver.  In  either  case, 
hydrochloric  acid  will  give  a  white  precipitate ;  hydrobromic 
or  hydriodic  acid  a  yellowish  white  precipitate. 

To  settle  which  acid  is  present,  to  the  rest  of  the  solution 
acidified  with  nitric  acid  add  a  drop  or  two  of  chlo- 
ride of  soda,  a  few  drops  of  bisulphide  of  carbon,  and 
shake.  If  the  bisulphide  remains  colorless,  hydrochloric 
acid  is  present;  if  it  is  colored  yellow,  hydrobromic  acid 
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is  present ;  if  it  is  colored  purple,  hydriodic  acid  is 
present. 

3.  Hydrofluoric  acid  is  detected  by  warming  the  dry 
powdered  substance  in  a  platinum  crucible  with  strong  sulphuric 
acid,  the  crucible  being  covered  with  a  piece  of  glass. 

4.  Soracic  acid  is  detected  by  boiling  the  substance 
with  carbonate  of  sodium,  filtering,  boiling  the  filtrate  with 
slight  excess  of  hydrochloric  acid,"^  dipping  a  piece  of  turmeric 
paper  in  the  fluid,  and  drying  it. 

5.  Phosphoric  acid  is  detected  by  adding  the  molybdate 
of  ammonium  solution  to  the  original  solution. 

6.  Sulphuric  acid  is  detected  by  adding  hydrochloric 
acid  to  the  original  solution  and  then  chloride  of  barium. 
(Make  sure  that  the  precipitate  is  not  soluble  in  water,  for  if 
the  solution  is  very  acid  the  chloride  of  barium  itself  will  be 
thrown  down.) 

If  no  acid  is  present,  and  the  substance  has  the  properties 
of  an  oxide  of  the  metal  found,  you  may  conclude  that  it  is 
such. 

INSOLUBLE  SUBSTANCES. 

COMPLETE  ANALYSIS. 

The  following  is  a  list  of  the  substances  which  we  take  into 
consideration  here  : — 

Silver  Chloride. 
Lead  Chloride. 

Sulphate. 
Barium  Sulphate. 
Strontium  SulDhate. 
Calcium  Fluoride. 

Sulphate. 

Silica. 
Silicates. 

Heat  the  substance  in  a  bead  of  microcosmic  salt. 

If  the  substance  does  not  dissolve,  it  is  silica  or  a  silicate. 

*  If  the  metal  present  belongs  to  the  fiffcli  group,  it  will  suffice  to  add  a 
slight  excess  of  hydrochloric  acid  to  the  aqueous  solution  of  the  substance 
before  testing  with  turmeric  paper. 
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Powder  it  very  finely,  and  fuse  it  with  six  parts  of  car- 
bonate of  potassium  and  sodium,  pour  out  the  fused  mass 
onto  a  stone,  powder  it,  add  water  and  excess  of  hydro- 
chloric acid,  evaporate  to  dryness  on  a  water-bath,  breaking 
up  the  lumps  with  a  pestle  so  that  the  whole  may  be 
thoroughly  dried,  moisten  with  hydrochloric  acid,  add 
water,  heat  and  filter.  The  residue  is  silica.  Examine 
the  filtrate  for  the  metal  beginning  at  p.  99. 
If  the  substance  dissolves,  add  to  the  original  substance  on 
a  watch-glass  a  drop  of  sulphide  of  ammonium. 

If  the  substance  turns  black,  silver  or  lead  is  present. 
Fuse  the  original  substance  with  six  parts  of  carbonate 
of  potassium  and  sodium,  pour  the  fused  mass  onto  a 
stone,  powder  it  finely,  boil  with  water,  and  filter. 

The  residue  consists  of  silver  or  oxide  of  lead. 

Wash  it,  dissolve  in  nitric  acid,  and  examine  the 

solution  according  to  1^  p.  99. 

The  filtrate  contains  the  hydrochloric  or  sulphuric 

acid  in  the  form  of  alkaline  salt,  together  with  the 

excess  of  carbonate  of  potassium  and  sodium. 

Acidify  with  nitric  acid  and  boil,  divide  into  two 

parts. 

1.  Add  nitrate  of  silver  and  shake.  A  curdy 
precipitate  indicates  hydrochloric  acid. 

2.  Add  chloride  of  barium.  A  precipitate  indi- 
cates sulphuric  acid. 

If  the  substance  remains  white,  test  for  sulphuric  acid 
by  heating  the  finely  powdered  substance  with  carbo- 
nate of  sodium  on  charcoal. 

If  sulphuric  acid  is  present.  Fuse  the  finely 
powdered  substance  with  six  parts  of  carbonate  of 
potassium  and  sodium,  pour  out  onto  a  stone, 
powder  finely,  boil  with  water,  and  filter.  The 
filtrate  contains  the  sulphuric  acid  as  an  alkaline 
salt ;  on  acidifying  it  with  hydrochloric  acid  and 
adding  chloride  of  barium,  it  will  be  precipitated. 
The  residue  consists  of  carbonate  of  barium, 
strontium,  or  calcium  -  it  should  be  well  washed, 
dissolved  in  the  least  quantity  of  hydrochloric  acid, 
and  tested  according  to  4^  p.  103. 
If  sulphuric  acid  is  absent,  mix  the  finely  powdered 
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substance  with  strong  sulphuric  acid  in  a  platinum 
crucible^  and  apply  the  etching-test  for  hydro- 
fluoric acid.  If  fluorine  is  found_,  heat  the 
crucible  till  all  the  hydrofluoric  acid  and  the  excess 
of  sulphuric  acid  are  driven  ofi^^  boil  the  residue  with 
hydrochloric  acid^  filter,  add  excess  of  ammonia  to 
the  filtrate,  and  then  oxalate  of  ammonium  to  test 
for  calcium. 
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In  which  all  the  metals  and  all  the  acids  may  be  present. 
SOLUBLE  SUBSTANCES. 

DETECTION  OF  METALS. 

In  the  following  course^  if  any  group  precipitate  should  be 
very  small,  it  will  be  useless  to  examine  it  for  all  the  members  in 
the  regular  way,  as  even  if.  they  were  present  they  could  not 
be  found.  Under  these  circumstances  the  precipitate  should 
be  examined  for  one  or  two  metals  which  are  suspected,,  or  in 
particular  cases  a  large  quantity  of  the  original  solution  should 
be  taken,  and  enough  of  the  precipitate  prepared  for  a  com- 
plete examination. 

1.    Precipitation  of  the  Metals  of  Group  I.  by  Hydro- 
chloric Acid,  and  Examination  of  the  Precipitate. 

To  the  solution  of  the  substance  add  a  few  drops  of  hydro- 
chloric acid.  If  a  •  precipitate  is  produced,  add  more  acid  till 
the  precipitation  is  complete,  and  then  a  few  drops  more  (to 
dissolve  basic  chlorides  of  antimony  and  bismuth).  Filter  and 
examine  the  filtrate  by  2  a. 

The  precipitate  may  contain  silver,  mercurous  and  lead  chlo- 
rides.*   Wash  it  twice  with  cold  water  to  remove  foreign  sub- 
stances, and  then  wash  three  times  on  the  filter  with  hot  water, 
/jt    Add  sulphuric  acid.  A  white  precipitate  indicates  lead. 
jOjt  0/2  the  filter.    Add  ammonia. 

(If  it  is  not  quite  clear,  take  no  notice,  as  the 
basic  lead-salt  which  causes  the  turbidity  is  soluble  in 

*  It  will,  of  course,  be  white.  If  the  solution  was  an  alkaline  one,  the 
following  substances  might  be  thrown  down  here, — gelatinous  silica,  sul- 
phur, chloride  of  silver,  chloride  of  lead,  sulphate  of  lead,  and  stannic,  anti- 
mony, and  arsenious  sulphides.  If  silica  or  sulj)hur  are  suspected,  proceed 
as  directed  p.  98,  Preparation  of  the  Solution,  3rd  par.  (sulphur  wiU  be 
difficult  to  filter  off) ;  otherwise  treat  the  precipitate  as  a  iresh  substance. 

t  /  is  used  for  filtrate  or  solution, 
p  is  used  for  preci^fitate  or  residue. 


ANALYSIS  OF  MIXTURES. 


109 


nitric  acid.)    Add  excess  of  nitric  acid.    A  precipitate 
indicates  silver. 

jf?2    If  it  is  black   or  grey,    monad  mercury  is 
indicated. 

2  a.  Precipitation  of  the  Metals  of  Group  II.  by  Hydro- 
sulphuric  Acid,  and  Separation  of  the  Precipitate 
into  two  Divisions. 

If  arsenic  was  found  in  the  Preliminary  Examination, 
before  proceeding,  boil  the  filtrate  from  the  hydrochloric  acid 
precipitate  with  acid  sulphite  of  ammonium,  adding  more 
hydrochloric  acid  if  necessary,  and  boiling  till  the  excess  of 
sulphurous  acid  is  driven  ofi". 

In  order  to  find  out  whether  hydrosulphuric  acid  produces 
a  precipitate  or  not,  and  thus  to  be  enabled  to  save  the  trouble 
of  passing  the  gas  if  it  is  unnecessary,  take  a  small  quantity 
of  the  filtrate  from  the  hydrochloric  acid  precipitate  (which 
contains  already  a  moderate  excess  of  hydrochloric  acid),  and 
add  hydrosulphuric  acid  solution  in  excess — i.  e.,  till  on  shaking 
the  test-tube  with  the  thumb  on  the  top,  the  contents  smell 
distinctly  of  the  reagent.  If  only  sulphur  is  precipitated, 
take  no  notice  of  the  precipitate  here;  if  a  colored  precipitate 
^  is  formed,  proceed  as  follows. 

Pass  hydrosulphuric  acid  gas  through  the  rest  of  the  filtrate 
from  the  hydrochloric  acid  precipitate,  diluting  it  if  it  is  very 
acid.  When  the  precipitate  has  completely  formed,  filter  and 
examine  the  filtrate  by  3  «,  p.  112.  The  precipitate  may  contain 
(1)  lead,  mercuric,  bismuth,  copper  and  cadmium  sulphides  ; 
also  (2)  tin,  antimony,  and  arsenious  sulphides.    Wash  it  well. 

Before  we  treat  the  whole  precipitate  with  sulphide  of  am- 
monium, to  separate  the  first  division  of  metals  from  the 
second  division,  it  may  save  trouble  to  see  if  this  treatment  is 
necessary — i.  e.,  if  the  precipitate  really  contains  members  of 
both  divisions.  To  this  end,  warm  a  small  quantity  with  ten 
or  twenty  drops  of  yellow  sulphide  of  ammonium."^ 

*  If  the  preliminary  examination  has  shown  that  copper  is  present  and 
mercnry  absent,  when  sulphide  of  ammonium  is  directed  to  be  used  in  the 
examination  of  this  group,  use  sulphide  of  sodium  instead,  and  boil.  In 
sulphide  of  ammonium  sulphide  of  copper  is  a  little  soluble.  In  sulphide 
of  sodium  the  copper  sulphide  is  insoluble,  but  the  mercuric  sulphide  is 
soluble. 
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If  the  precipitate  completely  dissolves.  The  members  of 
the  first  division  are  absent.  Treat  the  rest  of  the  pre* 
cipitate  as  directed  2  c. 

If  the  precipitate  does  not  completely  dissolve.  Filter  off 
the  residue,  and  add  hydrochloric  acid  to  the  filtrate. 

If  a  white  precipitate  is  formed.  It  consists  merely  of 
sulphur  from  the  sulphide  of  ammonium.  The  mem- 
bers of  the  second  division  are  absent.  Treat  the 
rest  of  the  precipitate  as  directed  2  b. 
If  a  colored  precipitate  is  formed.  Members  of  both 
divisions  are  present. 

If  members  of  both  divisions  are  present,  warm  the  rest  of 
the  hydrosulphuric  acid  precipitate  with  yellow  sulphide  of 
ammonium,  and  filter. 

p.    Examine  according  to  2  b. 

f.  Add  hydrochloric  acid  in  excess  to  reprecipitate  the 
sulphides^  filter,  and  treat  the  precipitate  according  to  2  c. 

2  b.    Examination  for  Metals  of  Gr.  II.  Div.  I.,  and  Lead. 

The  precipitate  may  contain  lead,  mercuric,  bismuth,  copper 
and  cadmium  sulphides.  Wash  it  thoroughly,  boil  with 
strong  nitric  acid,  dilute  and  filter. 

Py  may  contain  sulphur  (yellow  globules),  mercuric  sul- 
phide (black),  lead  sulphate  (white),  and  stannic  oxide* 
(white).     Divide  it  into  two  parts. 

1 .  Dissolve  in  hydrochloric  acid  with  the  addition  of  a  little 
chlorate  of  potassium,  and  add  stannous  chloride.  A  grey 
or  white  precipitate  indicates  dyad  mercury. 

2.  Fuse  with  cyanide  of  potassium  and  carbonate  of 
sodium.  If  metallic  globules  are  formed,  wash  and  treat 
them  with  nitric  acid. 

The  solution.  Add  sulphuric  acid.  A  precipitate  indi- 
cates lead. 

The  residue  may  be  metastannic  acid.  Wash  it  well 
and  boil  with  strong  hydrochloric  acid  for  a  few  mi- 
nutes, pour  off  the  acid,  add  water  (see  Note,  p.  36), 
and  then  hydrosulphuric  acid.  A  yellow  precipitate 
indicates  tin. 

may  contain  lead,  bismuth,  copper  and  cadmium.    To  a 
*  The  separation  of  tin  by  sulphide  of  ammonium  is  often  incomplete. 
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small  portion  add  sulphuretted  hydrogen  to  see  if  there  are 
any  metals  in  solution.  If  a  precipitate  is  produced,  to 
the  rest  of  the  solution  add  sulphuric  acid,  evaporate  on 
the  water-bath  till  the  nitric  acid  is  expelled,  take  up  with 
water,  and  filter. 

is  sulphate  of  lead, 
/g  Add  excess  of  ammonia,  warm  and  filter. 

Wash,  dissolve  in  a  watch  glass  in  the  least 
hydrochloric  acid,  and  add  water.  A  milkiness  in- 
dicates bismuth. 

/g  If  it  is  blue,  copper  is  indicated.  (To  test 
for  very  small  quantities  of  copper,  evaporate  to 
dryness  and  add  a  drop  or  two  of  ammonia.)  If 
copper  is  absent^  test  for  cadmium  at  once  by 
adding  hydrosulphuric  acid.  If  copper  is  present, 
precipitate  with  sulphuretted  hydrogen,  wash  the 
precipitate,  boil  it  with  dilute  sulphuric  acid,  filter, 
and  add  hydrosulphuric  acid  to  the  filtrate.  A 
yellow  precipitate  in  either  case  indicates 
cadmium. 

2  c.    Examination  for  Metals  of  Gr.  II.  Div.  11. 

The  precipitate  may  contain  stannous,  stannic,  antimonious 

and  arsenious  sulphides.    Wash  it  thoroughly. 

First  ignite  a  small  quantity  on  a  piece  of  porcelain. 

If  it  is  completely  volatile,  only  arsenic  is  present.  Dis- 
solve another  portion  of  the  precipitate  in  a  few  drops  of 
stroog  nitric  acid  on  a  watch-glass,  dilute,  filter  off  the 
sulphur,  add  nitrate  of  silver,  and  then  diluted  ammonia 
carefully  so  as  not  to  mix  the  fluids.  A  red  cloud  indicates 
arsenic. 

If  a  residue  is  left,  all  the  metals  must  be  looked  for ; 

proceed  as  follows. 
Dry  the  rest  of  the  precipitate  on  the  filter,  and  divide  it  into 
two  portions. 

I.  Boil  with  strong  hydrochloric  acid  (which  will  dissolve  the 
tin  and  antimony),  dilute  a  little,  filter  into  a  platinum  cru- 
cible lid,  and  add  a  little  piece  of  zinc  plate  to  the  filtrate. 
A  black  stain  indicates  antimony.  Take  out  the  zinc,  wash 
off  any  adherent  powder  back  into  the  platinum  crucible  lid. 
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pour  away  the  solution,  boil  the  residue  with  strong  hydro- 
chloric acid,  dilute  a  little,  and  filter ;  to  the  filtrate  add  mer- 
curic chloride.    A  white  or  grey  precipitate  indicates  tin. 

2.  Fuse  with  cyanide  of  potassium  and  carbonate  of  sodium 
in  an  ignition- tube.    A  mirror  indicates  arsenic. 

3  a.  Precipitation  of  the  Metals  of  Group  III.  and  Sili- 
cates, Phosphates,  Borates,  and  Fluorides  of  Barium, 
Strontium,  Calcium,  and  Magnesium,  and  also  Silica,  by 
Chloride  of  Ammonium,  Ammonia,  and  Sulphide  of  Ammo- 
nium. And  Preliminary  Determination  of  the  Nature 
of  the  Precipitate. 

If  the  substance  ivas  soluble  in  water.  Salts  and  silica"^  are 
absent.  A  portion  of  the  filtrate  from  the  hydrosulphuric 
acid  precipitate  is  boiled  to  drive  off  the  excess  of  the  gas, 
mixed  with  a  few  drops  of  strong  nitric  acid  and  boiled  again, 
then  mixed  with  chloride  of  ammonium  and  ammonia  till  the 
reaction  is  just  alkaline.  If  the  fluid  remains  clear,  iron, 
chromium,  and  aluminium  are  also  absent. 

If  the  substance  was  insoluble  in  water.  Salts  and  silica  may 
be  present.  A  portion  of  the  filtrate  from  the  hydrosulphuric 
acid  precipitate  is  boiled  to  expel  excess  of  the  gas,  mixed 
with  a  few  drops  of  strong  nitric  acid  and  boiled  again,  then 
mixed  with  chloride  of  ammonium  and  ammonia,  till  the  re- 
action is  just  alkaline.  If  the  fluid  remains  clear,  salts  and 
silica,  also  iron,  chromium,  and  aluminium,  are  absent. 

To  the  rest  of  the  filtrate  from  the  hydrosulphuric  acid 
precipitate  add  chloride  of  ammonium,  ammonia  just  to  alka- 
line reaction,  and  then  a  drop  or  two  of  sulphide  of  ammo- 
nium ;  if  a  precipitate  is  formed,  continue  adding  sulphide  of 
ammonium,  till  after  brisk  shaking  the  smell  of  it  is  distinctly 
recognisable.  Filter,  and  examine  the  filtrate,t  as  directed  4  a. 
The  precipitate  is  examined  as  directed  3  c  or  3  6,  according 
as  salts  and  silica  have  to  be  looked  for  or  not.  % 

*  If  the  original  dry  substance  was  very  alkaline,  silica  may  be  present. 

t  If  it  is  blackish,  this  is  caused  by  nickel,  whose  sulphide  is  slightly 
soluble  in  sulphide  of  ammonium.    Take  no  further  notice. 

X  Alkaline  earths  may  be  precij)itated  in  combination  with  chromium. 
In  very  careful  analyses  the  second  method  should  be  always  adopted. 
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3  b.    Examination  of  the  Sulphide  of  Ammonium  Preci- 
pitate WHEN  Salts  and  Silica  are  absent. 

The  precipitate  may  contain  nickel^  cobalt^  iron^"^  manganese^ 
zinc  (as  sulphides)^  cliromium,  aluminium  (as  hydrates). 

Wash  it  with  water  containing  a  little  sulphide  of  ammo- 
nium^  remove  it  from  the  filter^  treat  with  cold  dilute  hydro- 
chloric acidj  and  filter. 

[black)  may  contain  nickel  and  cobalt  sulphides.  Wash 
and  test  it  in  the  borax  bead.  A  reddish-brown  bead  indi- 
cates the  presence  of  nickel,  and  the  absence  of  cobalt.  A 
blue  bead  indicates  the  presence  of  cobalt.  In  the  latter 
case^  and  also  if  the  result  is  indefinite^  proceed  as 
follows  : — Dry  the  filter  containing  the  precipitate,  incine- 
rate it  (see  p.  21),  dissolve  the  ash  in  a  few  drops  of 
aqua  regia,  dilute,  filter,  nearly  neutralize  with  potash,  and 
add  nitrite  of  potassium  and  then  acetic  acid  to  strongly 
acid  reaction,  allow  to  stand  a  long  time,  and  filter, 
i  A  yellow  precipitate  indicates  cobalt. 

The  filtrate.    Add  potash ;  if  a  precipitate  is  produced, 
filter  it  ofi*  and  test  it  for  nickel  in  the  borax  bead, 
/j  may  contain  iron,  chromium,  aluminium,t  manganese, 
and  zinc.    Add  a  small  quantity  of  strong  nitric  acid,  and 
boil,  nearly  neutralize  with  potash  ;  when  cold,  add  excess  of 
carbonate  of  barium,  allow  to  stand  in  the  cold  and  filter. 
Pc^  may   contain   iron,   chromium,   and  aluminium. 
Wash  well  and  divide  it  into  three  parts. 

1.  Dissolve  in  hydrochloric  acid,  and  add  sulpho- 
cyanide  of  potassium.    A  red  color  indicates  iron. 

2.  Boil  with  chloride  of  soda,  and  filter.  A  yellow 
filtrate  indicates  chromium.  If  the  filtrate  is  pink 
(from  manganese  not  washed  out  of  the  carbonate  of 
barium  precipitate),  add  alcohol,  boil  and  filter  ofi*  the 
brown  oxide  of  manganese  formed ;  if  chromic  acid  is 
present,  its  color  will  then  be  visible. 

3.  Boil  with  potash,  and  filter,  add  excess  of  chloride 

*  These  first  three  metals  cannot  be  present  if  the  precipitate  has  a  pure 
white  color. 

t  If  the  preliminary  examination  of  the  sulphide  of  ammonium  precipi- 
tate has  shown  the  absence  of  these  first  three  metals,  you  may  pass  on 
at  once  to  examine  for  manganese  and  zinc. 
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of  ammonium  and  boil  again.  A  flocculent  precipitate 

indicates  aluminium."^ 

may  contain  manganese  and  zinc.    Firsts  to  get 

rid  of  the  barium,  add  sulphuric  acid  and  filter  through 

charcoal.    Then  evaporate  to  a  small  bulk,  add  potash 

in  excess,  and  filter. 

jOg  may  contain  manganese,  also  traces  of  nickel 
and  cobalt  originally  dissolved  by  the  hydrochloric 
acid.  Test  for  mang-anese  with  the  carbonate  of 
sodium  bead. 

/g  Add  hydrosulphuric  acid.  A  white  preci- 
pitate indicates  zinc. 

3  c.    Examination  of  the  Sulphide  of  Ammonium  Preci- 
pitate WHEN  Salts  and  Silica  may  be  Present. f 

The  precipitate  may  contain  nickel,  cobalt,  iron,I  manga- 
nese, zinc  (as  sulphides),  chromium,  aluminium  (as  hydrates), 
barium,  strontium,  calcium,  magnesium  (as  silicates  and  other 
salts),  and  silica. 

Wash  it  with  water  containing  a  little  sulphide  of  ammo- 
nium, remove  it  from  the  filter,  treat  with  cold  dilute  hydro- 
chloric acid,  and  filter. 

may  contain  sulphide  of  nickel  (black),  sulphide  of 
cobalt  (black),  and  silica  (white).  Wash  and  test  it  with  a 
bead  of  microcosmic  salt.  If  a  skeleton,  silica  is  present ; 
if  a  yellow  bead,  nickel  is  present  and  cobalt  absent ;  if  a 
blue  bead,  cobalt  is  present.  If  cobalt  is  present,  and  also 
if  the  bead  has  an  indefinite  color,  proceed  as  follows. 
Dry  the  filter  containing  the  precipitate,  incinerate  it  (see 
p.  21),  dissolve  the  ash  in  a  few  drops  of  aqua  regia,  dilute, 
filter,  nearly  neutralize  with  potash,  add  nitrite  of  potassium, 
and  then  acetic  acid  to  strongly  acid  reaction,  allow  to  stand 
for  a  long  time,  and  filter. 

*  The  potash  used  generally  itself  gives  a  precipitate  with  chloride  of 
ammonium ;  therefore,  if  a  precii)itate  is  obtained  here,  it  is  well  to  compare 
its  bulk  with  the  bulk  of  a  precipitate  obtained  by  boiling  excess  of 
chloride  of  ammonium  with  a  quantity  of  potash  equal  to  that  used 
before.  For  delicate  analyses  of  course  pure  potash  (or  soda,  see  p.  12) 
must  be  used. 

f  With  the  exception  of  silica  the  acids  are  not  looked  for  here,  as  they 
will  be  found  in  the  regular  examination  for  acids. 

X  The  first  three  metals  cannot  be  present  if  the  precipitate  has  a  pure 
white  color. 
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A  yellow  precipitate  indicates  cobalt. 
The  filtrate.  Add  potash ;  if  a  precipitate  is  produced, 
filter  it  off  and  test  it  for  nickel  in  the  borax  bead, 
/j    Boil  to  expel  hydrosulphnric  acid,  filter  if  necessary, 
and  divide  into  two  parts,  the  first  much  smaller  than  the 
second. 

1.  Add  dilute  sulphuric  acid,  and  filter. 

The  precipitate  may  contain  barium,  strontium,  and 

possibly  also  calcium.  Wash  and  examine  it  by  the 
spectroscope,  or  fuse  it  with  carbonate  of  potassium 
and  sodium,  treat  with  water,  wash,  and  examine  as 
directed  4 

The  filtrate.  Mix  with  three  volumes  of  alcohol.  A 
precipitate  consists  of  sulphate  of  calcium.  Dissolve 
it  in  water,  and  test  the  solution  with  oxalate  of 
ammonium. 

2.  Add  some  strong  nitric  acid,  and  boil.  Test  a  small 
portion  with  sulphocyanide  of  potassium  for  iron.  To  the 
rest  add  ferric  chloride  (to  separate  phosphoric  and  silicic 
acids)  till  a  drop  on  a  watch-glass  gives  a  yellowish  pre- 
cipitate with  ammonia,  evaporate  on  a  water-bath  to  a  small 
bulk,  add  water,  nearly  neutralize  with  potash,  then  add 
carbonate  of  barium  in  excess,  and  allow  to  stand  in  the 
cold.  Filter. 

j»2    Wash  well  and  divide  into  two  parts. 

1.  Boil  with  chloride  of  soda,  and  filter.  A  yellow 
filtrate  indicates  chromium. 

2.  Boil  with  potash,  and  filter.  To  the  filtrate  add 
excess  of  chloride  of  ammonium,  and  boil ;  a  precipi- 
tate may  contain  alumina  and  silica.  Test  for  silica 
by  the  microcosmic  bead.  If  it  is  present,  ignite  the 
rest  of  the  precipitate  on  a  platinum  crucible  lid,  add 
acid  sulphate  of  potassium,  fuse,  and  treat  with  hydro- 
chloric acid.  The  silica  is  left  behind,  and  alumina, 
if  present,  is  dissolved.  Add  ammonia  to  the  solution ; 
a  precipitate  indicates  aluminium. 

/g  Add  a  few  drops  of  hydrochloric  acid,  boil  to 
expel  carbonic  acid,  and  add  ammonia  and  sulphide 
of  ammonium.  Filter. 

p^  Wash  with  water  containing  a  little  sulphide 
of  ammonium,  treat  with  acetic  acid,  and  filter. 

I  2 
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may  contain  zinc  and  traces  of  nickel 
and  cobalt.  Wash  it^  treat  with  dilute  hydro- 
chloric acidj  and  filter  if  necessary.  Treat  the 
filtrate  with  nitric  acid^  evaporate  to  a  small 
bulk,  add  potash,  boil,  and  filter  if  necessary. 
Test  the  filtrate  with  sulphide  of  ammonium 
for  zinc.  If  a  black  residue  is  left  on  the 
treatment  with  hydrochloric  acid,  or  if  a  resi- 
due insoluble  in  potash  is  left,  test  it  for 
nickel  and  cobalt. 

Boil  with  potash,  filter  ofi"  the  precipi- 
tate, and  test  it  in  the  carbonate  of  sodium 
bead  for  mang'anese. 

First  remove  the  barium  by  adding  sul- 
phuric acid,  boiling  and  filtering,  then  supersatu- 
rate with  ammonia,  add  oxalate  of  ammonium, 
and  filter  off  any  oxalate  of  calcium  which  may  be 
precipitated.  Test  the  filtrate  with  phosphate  of 
sodium  for  magrnesium. 

4  a.  Precipitation  of  the  Metals  op  Group  IV.  by  Car- 
bonate OF  Ammonium  (in  the  presence  of  Chloride  of 
Ammonium),  and  Exa]&ination  of  the  Precipitate. 

To  the  filtrate  from  the  sulphide  of  ammonium  precipitate, 
add  carbonate  of  ammonium,  warm  gently,  and  filter.  Ex- 
amine the  filtrate  as  directed  4  b. 

The  precipitate  may  contain  barium,  strontium,  and  calcium 
carbonates.  Wash  it,  dissolve  in  the  least  quantity  of  hydro- 
chloric acid,  evaporate  on  the  water-bath  to  dryness,  and  take 
up  with  a  little  water. 

To  a  portion  of  the  solution  add  sulphate  of  calcium,  and 
allow  to  stand  for  some  time. 

No  precipitate  is  formed.  Absence  of  barium  and  stron- 
tium. Test  the  rest  of  the  solution  with  oxalate  of  am- 
monium for  calcium. 

A  precipitate  is  formed  after  some  time.  Absence  of 
barium,  presence  of  strontium.  Examine  for  calcium 
as  follows.  Boil  the  rest  of  the  solution  with  a  strong 
solution  of  sulphate  of  ammonium  for  some  time,  add- 
ing more  ammonia,  if  necessary,  to  keep  the  solution 
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alkaline ;  filter  off  the  undissolved  sulphate  of  strontium^ 
and  add  oxalate  of  ammonium.  A  precipitate  indicates 
calcium. 

A  precipitate  is  formed  immediately.  Presence  of  barium. 
In  order  to  test  for  strontium  and  calcium^  proceed  as  fol- 
lows : — Evaporate  the  rest  of  the  solution  to  dryness, 
digest  the  residue  with  alcohol_,  using  a  pestle  to  bring  the 
alcohol  in  contact  with  every  particle  of  the  residue,,  and 
filter  off  the  undissolved  chloride  of  barium.  The  filtrate 
contains  the  strontium  and  calcium  and  traces  of  barium ; 
add  sulphuric  acid,  and  filter.  Boil  the  precipitate  with 
strong  solution  of  sulphate  of  ammonium  and  a  little 
ammonia  for  some  time,  and  filter. 

The  residue  consists  of  sulphate  of  strontium  (and 

traces  of  sulphate  of  barium).    Test  it  with  the  flame. 

The  filtrate.  Dilute  and  test  with  oxalate  of  ammonium 

for  calcium. 

4  b.  Examination  of  the  Filtrate  from  the  Carbonate  op 
Ammonium  Precipitate  for  traces  of  Barium  and  Cal- 
cium, AND  E/EMOVAL  of  THE  SaME. 

To  one  portion  add  sulphate  of  ammonium,  in  order  to  test 
for  barium ;  to  another  portion  add  oxalate  of  ammonium,  and 
allow  to  stand,  in  order  to  test  for  calcium.  If  these  metals 
are  present,  remove  them  from  the  rest  of  the  filtrate  by  sul- 
phate and  oxalate  of  ammonium  before  passing  on  to  5 

Examination  for  Metals  of  Group  V. 

5  «.  To  a  portion  of  the  fluid  from  which  barium,  strontium, 
and  calcium  have  been  separated,  add  phosphate  of  sodium,  stir 
well,  and  allow  to  stand  for  a  short  time.  A  crystalline  pre- 
cipitate"^ indicates  mag'nesium. 

*  A  slight  flocculent  precipitate  of  phosphate  of  aluminium  sometimes 
separates  here ;  on  filtering  it  off  it  will  be  found  to  be  soluble  in  potash, 
whereas  phosphate  of  magnesium  and  ammonium  is  insoluble.  The  ap- 
pearance of  this  precipitate  is  explained  as  follows.  When  aluminium  is 
present  in  the  original  substance,  and  too  large  an  excess  of  ammonia  has 
been  used  with  the  sulphide  of  ammonium  for  the  precipitation  of 
Group  III.,  a  little  hydrate  of  aluminium  passes  into  the  filtrate ;  this  is 
not  thrown  down  by  the  carbonate  of  ammonium,  but  on  addition  of 
phosphate  of  sodium,  phosphate  of  aluminium  is  formed,  which  is  far  less 
soluble  in  ammonia  than  the  hydrate  of  aluminium. 
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If  magnesium  is  not  present.  Evaporate  a  small  quantity 
of  the  rest  of  the  solution  on  a  platinum  crucible  lid^  and 
ignite. 

If  no  fixed  residue  is  left.  Potassium  and  sodium  are 
absent. 

If  a  fixed  residue  is  left.    Evaporate  the  rest  of  the 
solution  to  dryness,  transfer  to  a  piece  of  porcelain  or 
a  platinum  crucible  lid,  and  ignite  till  white  fumes 
cease  to  be  evolved.    Dissolve  the  residue  in  the  least 
quantity  of  water,  and  filter  if  necessary  into  a  watch- 
glass.    Pass  on  to  5  b. 
If  magnesium  is  present,  it  must  be  removed  from  the  rest 
of  the  solution.    Evaporate  the  latter  to  dryness,  transfer 
to  a  platinum  crucible  lid,  ignite  till  white  fumes  cease  to 
be  evolved,  warm  the  residue  with  a  little  water,  add 
baryta  water  (or  milk  of  lime)  till  the  reaction  is  strongly 
alkaline,  boil,  filter,  mix  the  filtrate  with  a  little  ammonia 
and  carbonate  of  ammonium,  warm  gently,  filter,  evaporate 
and  ignite.    Dissolve  the  residue  in  the  least  quantity  of 
water,  add  a  drop  of  hydrochloric  acid,  pour  the  solution 
into  a  watch-glass,  and  pass  on  to  S  b. 

5  b.  Having  got  rid  of  the  ammonium  and  also  of  the  mag- 
nesium if  present,  proceed  to  test  for  potassium  and  sodium  as 
follows  : — Dip  a  clean  platinum  wire  into  the  solution,  and  hold 
it  in  the  Bunsen  flame ;  a  yellow  color  indicates  sodium. 
Then  add  to  the  solution  a  few  drops  of  chloride  of  platinum, 
I  and  stir;  a  yellow  precipitate  indicates  potassium.    If  no 

precipitate  is  formed,  evaporate  to  dryness  at  a  gentle  heat  and 
add  a  few  drops  of  water ;  the  least  trace  of  potassium  will 
then  be  indicated  by  a  heavy  yellow  insoluble  powder. 

If  ammonium  has  not  been  found  in  the  preliminary  exami- 
nation, put  a  small  quantity  of  the  original  substance  into  a 
test-tube,  add  a  little  potash,  and  warm,  with  your  thumb 
on  the  top  of  the  tube.  Then  remove  your  thumb,  and  smell 
the  contents  of  the  tube.  A  smell  of  ammonia  indicates 
ammonium. 
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SOLUBLE  SUBSTANCES. 

DETECTION  OF  ACIDS. 

Warm  some  of  the  original  substance  with  rather  strong 
hydrochloric  acid. 

Effervescence  with  evolution  of  an  odorless  gas.  Presence 
of  carbonic  acid.  Confirm  by  pouring  the  gas  in  the 
test-tube  into  another  test-tube  containing  a  little  lime- 
water,  and  shaking  the  latter. 

Effervescence  with  evolution  of  sulphuretted  hydrogen. 
Presence  of  hydrosulphuric  acid.  Test  for  carbonic 
acid  by  passing  the  gas  into  lime-water  by  the  aid  of  a 
cork  and  a  bent  tube. 

Dissolve  the  substance  in  its  proper  solvent,  acidify  with 
hydrochloric  acid  if  not  already  acid,  and  divide  into  three 
portions. 

1.  Evaporate  to  dryness.  An  insoluble  residue  indicates 
silicic  acid. 

2.  Add  solution  of  molybdate  of  ammonium,  and  allow 
to  stand  in  the  cold.  A  yellow  precipitate  indicates 
phosphoric  acid. 

3.  Add  chloride  of  barium.  A  white  precipitate  indi- 
cates sulphuric  acid.  Make  sure  that  the  precipitate 
is  not  soluble  in  water. 

To  the  original  dry  substance  in  a  watch-glass  add  strong 
sulphuric  acid.  If  the  acid  is  colored  yellow,  and  a  smell  of 
chlorine  is  evolved,  chloric  acid  is  indicated. 

Test  for  nitric  acid  as  follows  : — Boil  the  original  sub- 
stance with  a  small  quantity  of  water,  filter  (if  the  filtrate  is 
alkaline  add  excess  of  hydrochloric  acid),  mix  with  solution 
of  ferrous  sulphate  and  pour  strong  sulphuric  acid  gently  to 
the  bottom  of  the  tube. 

For  the  following  experiments  prepare  a  solution  as  follows  : 
If  only  alkali  metals  are  present j  dissolve  the  original  sub- 
stance in  water. 
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If  other  metals  are  present,  boil  the  dry  substance  with 
solution  of  carbonate  of  sodium,,^  filter,,  boil  the  filtrate,  and 
neutralize  it  with  nitric  acid. 

Take  separate  portions  of  the  solution  prepared  as  above. 

1.  Acidify  with  hydrochloric  acid,  and  add  sulphate  of 
copper.  A  black  precipitate  indicates  hydrosulphuric 
acid. 

2.  Acidify  with  nitric  acid,  and  if  hydrosulphuric  acid  is 
present,  boil  the  solution  till  it  is  expelled.  Then  add 
nitrate  of  silver. 

No  precipitate  is  produced.  Chlorine,  bromine,  and 
iodine  are  absent. 

A  precipitate  is  produced.  Take  another  portion  of 
the  solution,  add  large  excess  of  hydrochloric  acid, 
then  a  little  bisulphide  of  carbon  and  a  drop  of 
chloride  of  soda,  and  shake.  Iodine,  if  present,  will 
be  at  once  indicated  by  the  color  of  the  bisulphide  of 
carbon.  Add  now  more  chloride  of  soda  drop  by 
drop,  well  shaking  till  the  violet  color  disappears.  If 
the  violet  color  is  replaced  by  a  yellow  color,  bromine 
is  present.  If  bromine  and  iodine  are  absent,  of 
course  you  can  assume  that  chlorine  is  present.  If 
bromine  or  iodine  is  present,  you  must  test  for 
cblorine  specially  by  distilling  with  bichromate  of 
potassium  and  strong  sulphuric  acid. 

3.  t  Acidify  with  acetic  acid,  and  add  acetate  of  lead.  A 
yellow  precipitate  indicates  chromic  acid. 

4.  Acidify  with  acetic  acid,  and  add  chloride  of  calcium. 
A  precipitate  indicates  hydrofluoric  acid.  Apply  the 
etching  test  to  the  original  substance. 

5.  Acidify  slightly  with  hydrochloric  acid,  dip  turmeric 
paper  in  the  solution,  and  dry  it.  A  brown  stain  indicates 
boracic  acid. 

*  In  the  case  of  substances  insoluble  in  water,  sometimes  merely  boiling 
with  the  solution  is  not  sufficient  to  dissolve  tlie  acids,  and  fusion  with  the 
dry  carbonate  of  sodium  is  necessary. 

t  You  need  not  test  for  chromic  acid  if  the  solution  is  colorless. 
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INSOLUBLE  SUBSTANCES. 

COMPLETE  ANALYSIS. 

The  following  is  a  list  of  bodies  whicli  are  taken  into 
consideration  here : — 

Carbon  J 
Sulphur^ 
Alumina^ 
Barium  Sulphate^ 
Strontium  Sulphate^ 
Calcium  Sulphate, 
Calcium  Fluoride, 

Chromic  Iron  [(FeMg)O  .  (CrA^^Og], 

Lead  Chloride, 

Lead  Sulphate, 

Silver  Chloride, 

Silica, 

Silicates, 

Stannic  Oxide. 

Besides  these,  there  are  bromide  and  iodide  of  silver,  and 
certain  aluminates,  arseniates,  fluorides,  and  metaphosphates, 
but  they  are  of  less  frequent  occurrence. 

PRELIMINARY  EXAMINATION. 

This  may  be  omitted  if  there  is  only  a  small  quantity  of  the 
substance. 

1.  Heat  a  portion  in  an  ignition  tube.     If  sulphur 

sublimes,  that  element  is  present. 

2.  If  the  substance  is  black,  this  indicates  generally  the 
presence  of  carbon  (coal,  graphite,  &c.).  Heat  a  portion  on 
platinum  foil  over  the  blowpipe  flame;  if  the  black  matter 
burns  away,  it  was  carbonaceous.  Graphite  is  recognised  by 
its  marking  paper ;  it  will  not  burn  without  the  aid  of  oxygen. 

3.  Warm  a  portion  with  a  strong  solution  of  cyanide  of 
potassium  for  a  short  time,  filter,  and  test  the  filtrate  with  sul- 
phide of  ammonium.    A  precipitate  indicates  silver, 

4.  If  a  residue  remains  in  3,  wash  it  completely.  If  it  is 
white,  moisten  it  with  sulphide  of  ammonium ;  a  blackening  in- 
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dicates  lead.  If  the  residue  is  black  already,  heat  it  with 
acetate  of  ammonium  and  a  little  acetic  acid,  filter,  and  test 
the  filtrate  with  hydrosulphuric  acid  for  lead."^ 

ACTUAL  ANALYSIS. 

If  the  absence  of  lead,  silver,  or  sulphur  has  been  demonstrated, 
of  course  the  processes  for  separating  them  may  be  omitted. 

To  extract  the  lead,  heat  the  substance  repeatedly  with 
fresh  portions  of  a  strong  solution  of  acetate  of  ammonium, 
and  filter. 

Divide  into  three  parts. 

1.  Acidify  with  nitric  acid  and  add  nitrate  of  silver.  A 
precipitate  indicates  chlorine. 

2.  Acidify  with  hydrochloric  acid  and  add  chloride  of 
barium.    A  precipitate  indicates  sulphuric  acid. 

3.  Add  sulphuric  acid  in  excess.  A  precipitate  indicates 
lead. 

p^    Wash  it.    To  extract  the   silver,  digest  repeatedly 
with  fresh  portions  of  solution  of  cyanide  of  potassium  at 
a  gentle  heat  (if  sulphur  is  present,  in  the  cold),  and  filter. 
Divide  into  two  parts,  the  first  large  and  the 
second  small. 

1.  Add  sulphide  of  ammonium  and  filter  ofi*  the 
sulphide  of  silver.  Test  it  by  dissolving  in  nitric 
acid,  diluting,  and  adding  hydrochloric  acid. 

2.  Acidify  with  hydrochloric  acid  and  add  chloride 
of  barium.  A  precipitate  indicates  sulphuric  acid.f 
jt?2  Wash  and  dry  it.  To  drive  ofi"  the  sulphur, 
heat  in  a  covered  porcelain  crucible.  Then  fuse  with 
four  parts  of  carbonate  of  potassium  and  sodium  and 
one  part  of  nitre  in  a  platinum  crucible,  and  pour  out 
the  fused  mass.  Powder  it  finely,  boil  it  well  with 
water,  and  filter. 

/g    Divide  into  four  parts. 

1.  Test  for  sulphuric  acid. 

2.  Test  for  fluorine. 

*  The  lead  in  glass  will  not  be  detected  here. 

t  Derived  from  sulphates  of  barium,  strontium,  or  calcium,  which  may- 
have  been  more  or  less  decomposed  by  the  carbonate  of  potassium  con- 
tained in  the  cyanide  of  potassium. 
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3.  If  yellow,  chromium  is  present.  Confirm  by 
acidifying  with  acetic  acid,  and  adding  acetate  of 
lead. 

4.  Add  hydrochloric  acid  and  evaporate  to  dry- 
nesSj  then  take  up  again  with  hydrochloric  acid 
and  water.  An  insoluble  residue  indicates  silica. 
Test  the  solution  for  metals  whose  oxides  are 
soluble  in  alkalies. 

Wash  till  the  washings  give  no  precipitate 
with  chloride  of  barium.  Dissolve  in  hydrochloric 
acid  and  test  for  metals  in  the  usual  manner."^  If 
a  residue  still  remains,  it  may  be  silica,  sulphate 
of  barium,  fluoride  of  calcium,  or  (if  dark-colored) 
chromic  iron.  As  regards  fluoride  of  calcium,  it 
is  readily  decomposed  by  sulphuric  acid.  As 
regards  chromic  iron,  the  best  way  to  decompose 
it  is  as  follows : — Project  the  flnely-powdered 
mineral  into  twelve  times  its  bulk  of  fusing  acid 
sulphate  of  potassium,  stir  often  and  fuse  for  half 
an  hour,  first  gently,  then  at  a  strong  heat,  till 
fumes  of  sulphuric  acid  cease.  Then  add  car- 
bonate of  sodium  to  about  six  times  the  amount 
of  the  mineral,  fuse  and  add  gradually  nitrate  of 
potassium  in  quantity  equal  to  that  of  the  car- 
bonate of  sodium ;  after  some  time  increase  the 
heat,  stirring  diligently  with  a  platinum  wire. 
When  cool,  boil  with  water. 

*  If  much  silica  has  been  found,  first  separate  what  may  be  present 
here  by  evaporating  the  solution  to  dryness  and  taking  nj)  again  with 
hydrochloric  acid  and  water,  and  then  proceed  to  test  for  metals. 
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Analysis  of  Alloys. 

Keduce  to  a  fine  state  of  division  (by  filing,  boring,  cutting, 
or  pounding),  and  treat  with  a  mixture  of  equal  parts  of 
strong  nitric  acid  and  water,  till  all  action  has  ceased ;  add 
water,  and  filter. 

The  residue  may  contain  stannic  oxide,  oxide  of  antimony, 
and  a  little  arsenic  oxide.  Wasb  and  treat  it  according 
to  p.  74,  5. 

The  filtrate.    Evaporate  a  drop  or  two  to  dryness,  to  dis- 
cover if  anything  has  been  dissolved.    If  so,  evaporate  ofi" 
the  greater  part  of  the  excess  of  nitric  acid,  and  examine 
for  metals  in  the  usual  manner. 
Note. — Tin  is  converted  by  nitric  acid  completely  into  in- 
soluble stannic  oxide.     As  regards  the  action  of  nitric  acid  on 
antimony,  the  dilute  acid  converts  it  almost  entirely  into 
antimonious  oxide ;  the  boiling  strong  acid  converts  it  almost 
entirely  into  antimonic  oxide,  and  generally  the  more  concen- 
trated the  acid  the  more  antimonic  oxide  is  formed.  Neither 
of  the  oxides  of  antimony  is  altogether  insoluble  in  nitric  acid  j 
traces  of  antimony  may  therefore  pass  completely  into  solution. 
Arsenic  oxide  is  soluble,  but  a  portion  is  liable  to  combine 
with  tin  and  antimony  oxides.  - 

Analysis  of  Silicates. 

Silicious  minerals  may  be  divided  for  analytical  purposes 
into  two  classes ;  first,  silicates  readily  decomposable  by  acids 
(hydrochloric,  nitric,  sulphuric) ;  second,  silicates  not  readily 
decomposable  by  acids.  Many  rocks  are  mixtures  of  silicates 
belonging  to  both  classes. 

To  ascertain  to  which  of  these  two  classes  a  given  silicate 
belongs,  reduce  it  to  an  impalpable  powder,  and  digest  a  por- 
tion with  strong  hydrochloric  acid  at  a  temperature  near  the 
boiling  point.     If  this  fails  to  decompose  it,  try  another  por- 
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tion  by  long- con  tinned  heating,  with  a  mixture  of  three  parts 
of  strong  sulphuric  acid  and  one  part  of  water.  If  this  also 
fails,  the  silicate  belongs  to  the  second  class.  Whether  decom- 
position has  been  effected  or  not  may  generally  be  seen  at  once, 
as  in  the  former  case  a  colored  solution  almost  always  forms,  and 
the  separated,  gelatinous,  flocculent,  or  finely  pulverulent  silica 
takes  the  place  of  the  original  heavy  powder  which  grated 
under  the  glass  rod  with  which  it  was  stirred.  Whether  the 
decomposition  is  complete,  or  extends  only  to  one  of  the  com- 
ponents of  a  rock,  may  be  ascertained  by  boiling  the  separated 
silica  (after  it  has  been  washed)  with  a  solution  of  carbonate  of 
sodium.  If  a  clear  solution  is  obtained,  complete  decom- 
position has  been  effected ;  if  not  the  decomposition  is  only 
partial. 

In  whichever  way  the  substance  is  analysed,  it  must  first  be 
reduced  to  an  impalpable  powder. 

SILICATES  EEADILY  DECOMPOSABLE  BY  ACIDS. 

Silicates  Decomposable  by  Hydrochloric  Acid  or  by  Nitric  Acid."^ 

1.  Digest  the  substance  with  hydrochloric  acid  at  a  tem- 
perature near  the  boiling  point,  until  complete  decomposition 
is  effected,  filter  a  small  portion,  and  reserve  the  filtrate  for 
subsequent  examination ;  evaporate  the  rest  of  the  fluid  and 
precipitate  to  dryness,  and  heat  the  residue  to  a  temperature 
barely  exceeding  100°,  breaking  up  the  lumps  with  a  pestle, 
until  no  more  fumes  of  hydrochloric  acid  escape  ;  allow  to 
cool,  moisten  the  residue  with  hydrochloric  or  nitric  acid,  as 
the  case  may  be,  add  water,  warm  and  filter.  Examine  the 
filtrate  for  metals  in  the  usual  way.  Wash  the  residue ;  it 
consists  of  silica,  but  it  can  never  be  considered  pure  without 
further  examination.  It  frequently  contains  titanic  acid, 
and  occasionally  also  barium  and  strontium  sulphates  and 
alumina.  It  is  best  tested  by  being  heated  in  a  platinum  dish 
repeatedly  with  hydrofluoric  and  sulphuric  acids  till  all  the 
silica  is  volatilized.  The  residue  is  finally  ignited,  fused  with 
acid  sulphate  of  potassium,  and  treated  with  cold  water.  If  a 
residue  remains,  it  is  examined  for  barium  (and  strontium). 

*  Kitric  is  to  be  preferred  where  lead  or  silver  is  present. 
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The  aqueous  solution  is  diluted  and  tested  for  titanic  acid"^ 
by  long  boiling ;  the  filtrate  from  the  latter  is  tested  for 
aluminium  by  ammonia.  (If  it  is  possible  that  any  chloride 
of  silver  has  separated  with  the  silica^  digest  a  portion  of  the 
latter  with  ammonia^  filter^  and  test  the  filtrate  by  super- 
saturating it  with  nitric  acid.) 

2.  Carbonates  are  detected  in  the  original  treatment 
with  hydrochloric  acid.  If  sulphides  are  also  not  found  in 
the  same  manner,  they  may  be  tested  for  with  hydrochloric 
acid  and  zinc  (p.  78^4). 

If  the  separated  silica  is  black,  and  turns  subsequently  white 
on  ignition,  this  indicates  the  presence  of  carbon  or  organic 
substances. 

Examine  the  portion  of  the  hydrochloric  acid  solution  filtered 
ofi'  before  evaporating,  as  follows : — Test  one  portion  for  sul- 
phuric acid.  Test  another  portion  for  arsenic  acid  by  heating 
it  to  70°,  passing  sulphuretted  hydrogen  into  it,  and  examining 
the  precipitate  formed.  Test  a  third  portion  for  phosphoric 
acid  by  evaporating  with  addition  of  nitric  acid  to  dryness 
on  the  water-bath,  warming  the  residue  with  nitric  acid,  fil- 
tering, and  adding  molybdate  of  ammonium  solution  to  the 
filtrate.  When  arsenic  is  found,  use  the  filtrate  from  the 
sulphide  of  arsenic  to  test  for  phosphoric  acid. 

Boracic  acid  is  best  detected  by  fusing  a  portion  of  the 
'  substance  in  a  platinum  crucible  lid  with  carbonate  of  potassium 
and  sodium,  boiling  with  water,  and  testing  with  turmeric  paper. 

In  many  cases  boiling  with  water  is  sufficient  to  dissolve 
the  chlorides  present,  but  the  safest  way  is  to  dissolve  the 
silicate  in  nitric  acid.  The  chlorides  when  dissolved  are 
detected,  of  course,  with  nitrate  of  silver. 

Fluorides  are  detected  by  the  method  given  in  p.  87,  3. 

*  If  the  silica  has  been  separated  by  evaporation  on  the  water-bath, 
only  a  portion  of  the  titanic  acid  is  found  with  it ;  the  other  portion — 
often  the  larger — passes  into  the  hydrochloric  acid  solution,  and  is  pre- 
cipitated with  the  iron  and  aluminium  on  the  addition  of  ammonia.  In 
order  to  find  this  latter  portion,  fuse  the  dried  precipitate  with  acid  sul- 
phate of  potassium,  dissolve  in  cold  water,  filter  if  necessary,  dilute 
largely,  pass  hydrosulphuric  acid  till  all  the  iron  is  converted  into  the 
dyad  state,  and  (without  filtering  ofi"  the  sulphur)  keep  the  fluid  boiling 
for  half  an  hour,  passing  carbonic  acid  through  it  all  the  while.  Filter, 
wash,  and  ignite  ;  the  sulphur  will  burn  off,  the  titanic  acid  will  remain. 
Should  it  still  contain  iron,  dissolve  it  again  by  fusing  with  acid  sulphate 
of  potassium  and  treating  with  cold  water,  and  precipitate  it  by  boiling 
with  hyposulphite  of  sodium. 

K 
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Silicates  which  Resist  the  Action  of  Hydrochloric  Acid,  but 
are  Decomposed  by  Sulphuric  Acid. 

Heat  the  silicate  with  a  mixture  of  three  parts  of  strong 
sulphuric  acid  and  one  part  of  water  (preferably  in  a 
platinum  dish);  finally  drive  off  the  greater  portion  of  the 
sulphuric  acid,  boil  the  residue  with  hydrochloric  acid, 
dilute,  and  filter.  Examine  the  filtrate  for  metals  in  the 
usual  way.  The  residue  consists  of  the  silica,  and  may 
also  contain  sulphate  of  barium,  &c. ;  examine  it  by  p.  128,  1. 
To  test  for  other  bodies  treat  a  portion  of  the  substance  ac- 
cording to  the  method  given  below. 

SILICATES  NOT  KEADILY  DECOMPOSABLE  BY  ACIDS."^ 

1.  Fuse  the  silicate  with  six  parts  of  carbonate  of  po- 
tassium and  sodium  till  no  more  gas  is  evolved.  Pour  it 
out  and  reserve  a  portion  for  the  examination  for  acids. 
Put  the  rest  into  a  porcelain  dish,  add  water  and  hydro- 
chloric acid,  and  heat  gently  till  nothing  but  flocks  of  silica 
remain  undissolved,  evaporate  to  dryness,  and  treat  the 
residue  as  directed  p.  128,  1,  for  silica  and  all  the  metals 
except  potassium  and  sodium. 

2.  Mix  the  silicate  with  five  parts  of  pure,  finely  pul- 
verized fluoride  of  calcium,  stir  the  mixture  in  a  platinum 
crucible  with  strong  sulphuric  acid  to  a  thickish  paste,  and 
heat  gently  for  some  time  under  a  good  draught,  finally 
increase  the  heat  till  the  excess  of  sulphuric  acid  is  driven 
off^.  Boil  the  residue  with  water,  add  chloride  of  barium 
as  long  as  a  precipitate  continues  to  form,  then  baryta 
water  to  alkaline  reaction,  boil,  filter,  mix  the  filtrate  with 
carbonate  of  ammonium  and  ammonia,  filter,  evaporate  and 
ignite  the  filtrate,  and  examine  for  potassium  and  sodium 
in  the  usual  way. 

*  It  will  be  "understood,  from  what  has  been  stated,  that  these  are 
not  decomposed  by  heating  with  hydrochloric  acid  and  sulphuric  acid  in 
open  vessels ;  but  by  heating  them,  reduced  to  a  fine  powder,  in  a  sealed 
glass  tube,  with  a  mixture  of  three  parts  of  concentrated  sulphuric  acid 
and  one  part  of  water,  or  with  hydrochloric  acid,  to  between  200°  and  210°, 
most  of  them  are  decomposed,  and  may  accordingly  be  analyzed  also  in 
this  manner  (Al.  Mitscuerlich). 
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3.  Boil  the  portion  of  the  fused  mass  reserved  in  1, 
with  water;,  and  filter.  Divide  the  filtrate  into  four  parts^  and 
test  them  as  follows  : — 

1.  Acidify  with  nitric  acid  and  add  nitrate  of  silver, 
for  chlorine. 

2.  Test  for  boracic  acid  with  turmeric  paper. 

3.  Test  for  fluorine  according  to  p.  88^,  4. 

4.  Acidify  with  hydrochloric  acid.  Test  a  portion  for 
sulphuric  acid  with  chloride  of  barium.  Heat  the 
rest  to  70°;,  and  pass  sulphuretted  hydrogen  to  test  for 
arsenic  acid.  If  a  precipitate  is  formed,  filter  it  ofP, 
add  nitric  acid  to  the  solution,  and  evaporate  to  dryness, 
treat  the  residue  with  nitric  acid  and  water,  and  test 
the  solution  for  phosphoric  acid  with  molybdate  of 
ammonium. 

Analysis  of  Mineral  Watres.^ 

The  following  bodies  may  be  present  : — 

Metals. — Iron,  Manganese,  Thallium,  Aluminium,  Barium, 
Strontium,  Calcium,  Magnesium,  Potassium,  Sodium,  Ammo- 
nium, Lithium,  Caesium,  Rubidium. 

Acids. — Hydrosulphuric,  Hydrochloric,  Hydrobromic,  Hy- 
driodic.  Nitric,  Nitrous,  Boracic,  Carbonic,  Hydrofluoric, 
'  Phosphoric,  Silicic,  Sulphuric. 

Organic  Matter. 

Of  the  above  metals  and  acids,  those  in  italics  occur  in 
most  waters  in  considerable  proportions  :  iron  and  hydrosul- 
phuric acid  occur  sometimes  in  considerable  proportions,  the 
rest  are  only  found  in  traces. 

*  On  this  subject  the  following  works  by  the  antlior  may  be  referred 
to:— 

"  Chemisclie  Untersuchnng  der  wiclitigsten  Mineralwasser  des  Herzog- 
tlmms  Nassau."  Wiesbaden :  Kreidel.  1850-1860.  This  work  com- 
prises seven  analyses. 

"  Untersuchnng  der  Mineralquellen  zuWildungen."  Arolsen :  Mittler. 
1860. 

"  Analyse  des  Kaiser-  und  des  Ludwigsbrunnens,  wie  der  Elisabethen- 
quellen  zu  Honiburg  v.  d.  H."    Wiesbaden :  Kreidel.    1863  and  1864. 

"  Analyse  der  Trink quelle,  der  Badequelle  und  der  Helenenquelle  zu 
Pyrmont."    Arolsen :  Speyer.  1865. 

"  Analyse  der  Driburger  und  Herster  Quelle."  Wiesbaden :  Kreidel. 
1866. 


132 


SPECIAL  ANALYSIS. 


There  are  also  sometimes  present  oxygen^  nitrogen,  marsh 
gas,  hypo  sulphur  ous  acid,  formic  acid,  propionic  acid.  But 
these  are  not  considered  here,  as  their  detection  usually  com- 
prises their  quantitative  estimation. 

The  analyst  has  moreover  to  examine  the  muddy  ochreous 
deposits  or  solid  sinter-deposits^  of  the  spring,  or  possibly  the 
residue  left  upon  the  evaporation  of  very  large  quantities  of 
the  water  for  lead,  copper,  antimony,  arsenious  and  arsenic 
acids,  nickel,  cobalt,  and  other  heavy  metals.  The  greatest 
care  is  required  in  this  examination  to  make  sure  that  any 
heavy  metals  found  do  not  proceed  from  pipes,  stopcocks,  &c. 
And  of  course  the  reagents  used  must  be  tested  with  equal 
care. 

OPERATIONS  AT  THE  SPRING, 

1.  Filter  the  water,  if  it  is  not  perfectly  clear,  through 
Swedish  paper,  and  collect  the  filtrate  in  large  stoppered 
bottles.  The  residue  on  the  filter  is  also  reserved  for  exami- 
nation. It  may  contain  not  only  the  matter  suspended  in  the 
water,  but  also  those  constituents  which  separate  at  once  upon 
coming  in  contact  with  the  air  (ferric  hydrate,  phosphate,  sili- 
cate and  arseniate). 

2.  The  presence  of  free  carbonic  acid  is  usually  sufficiently 
visible  to  the  eye.  However  to  convince  yourself  by  positive 
reactions  you  may  test  the  water  with  tincture  of  litmus  and 
with  lime  water.  If  carbonic  acid  in  the  free  state  is  present, 
the  former  acquires  a  wine-red  color ;  the  latter  produces  tur- 
bidity, which  must  disappear  upon  addition  of  the  mineral 
water  in  excess. 

3.  Free  hydrosulphuric  acid  is  most  readily  detected  by 
the  smell.  For  this  purpose  half  fill  a  bottle  with  the  water,  cover 
with  the  hand,  shake,  and  then  smell.  In  this  way  distinct 
traces  of  hydrosulphuric  acid  are  often  found  which  would 
escape  detection  by  reagents.  However,  if  you  wish  to  have 
some  visible  reactions,  fill  a  cylinder  with  the  water,  add  a  few 
drops  of  solution  of  acetate  of  lead  in  potash,  place  the  cylin- 
der on  a  sheet  of  white  paper,  and  look  down  through  the 

*  These  are  the  deposits  which  form  in  connection  with  most  mineral 
springs,  by  the  action  of  the  air  on  the  water. 
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water.  Or  lialf  fill  a  large  bottle  with  the  water and  close 
with  a  cork  to  which  is  attached  a  slip  of  paper  on  which 
some  acetate  of  lead  and  then  carbonate  of  ammonium  have 
been  dropped ;  shake  the  bottle  gently  from  time  to  time,  and 
observe  whether  the  paper  is  colored  in  the  course  of  a  few 
hours.  Should  the  first  experiment  with  acetate  of  lead  indi- 
cate hydrosulphuric  acid,  while  the  second  experiment  with 
acetate  of  lead  fails  to  indicate  it,  this  shows  that  the  water 
contains  sulphide  of  potassium  or  sodium,  but  no  free  hydro- 
sulphuric  acid. 

4.  Mix  a  wineglassful  of  the  water  with  tincture  of  galls. 
If  an  inky  color  is  produced,  dyad  iron  is  present.  The 
coloration  makes  its  appearance  only  after  some  time,  and 
increases  in  intensity  from  the  top  towards  the  bottom. 

OPERATIONS  IN  THE  LABORATORY. 

Examination  for  those  Constituents  which  are  present 

in  larger  quantities. 

Evaporate  a  litre  or  two  of  the  water  to  dryness,"^  and  heat 
the  residue  to  faint  redness.  Blackening  indicates  org'anic 
matter.  Mix  the  residue  thoroughly,  that  it  may  have  the 
same  composition  throughout.  Boil  a  small  portion  with 
hydrochloric  acid,  filter,  and  test  the  filtrate  for  sulphuric 
acid.  Boil  a  second  small  portion  with  nitric  acid,  filter,  and 
test  the  filtrate  for  hydrocMoric  acid.  Treat  the  rest  of 
the  residue  with  hydrochloric  acid  (an  effervescence  indicates 
carbonic  acid),  and  boil  repeatedly  with  fresh  quantities  of 
the  acid  till  all  that  is  soluble  has  dissolved;  then  filter. 
Wash  the  residue^  and  test  it  for  silica  in  the  microcosmic 
bead. 

Heat  the  solution,  and  add  to  it  a  slight  excess  of  am- 
monia. If  a  precipitate  forms,  filter  it  off;  it  may  contain 
ferric  hydrate,  alumina,  and  phosphates,  but  need  not  be 
regarded  here.     Now  add  more  ammonia,  and  oxalate  of 

*  The  evaporation  may  be  commeiiced  directly  over  the  flame,  but 
should  be  finished  on  a  water-bath.  A  large  silver  dish  may  be  used,  or 
in  default  of  this  a  porcelain  dish.  If  a  porcelain  dish  is  used,  when 
the  water  has  been  reduced  to  a  small  bulk,  it  should  be  transferred  with 
the  deposit,  if  any,  to  a  platinum  dish ;  should  the  deposit  adhere  to  the 
porcelain,  it  may  be  removed  with  a  platinum  knife. 
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ammonium  in  excess ;  filter  off  the  precipitate  of  oxalate  of 
calcium.  Divide  the  filtrate  into  two  parts.  To  the  first 
add  phosphate  of  sodium_,  stir  well^  and  allow  to  stand  twelve 
hours ;  a  precipitate*  indicates  mag-nesium.  Evaporate  the 
second  part  to  dryness^  remove  magnesium^  if  present^  in  the 
usual  way_,  and  test  for  sodium  and  potassium. 

Examination  for  those  Constituents  which  are  present 

IN  minute  quantities. 

1.  To  two  or  three  gallons  of  the  water  add  pure  car- 
bonate of  potassium  in  slight  excess,  evaporate  as  directed 
p.  133,  foot-note,  and  ignite  the  residue  to  faint  redness.  Mix 
the  residue  thoroughly,  and  then  divide  it  into  three  parts,  a 
aixd  b  each  about  a  quarter,  and  c  a  half. 

a.  Warm  with  water,  add  nitric  acid,  digest  for  some  time 
at  a  temperature  near  the  boiling  point,  filter,  and  test  for 
phosphoric  acid  with  molybdate  of  ammonium. 

b.  Heat  with  water,  add  chloride  of  calcium  as  long  as  a 
precipitate  continues  to  form,  allow  to  settle,  and  collect  the 
precipitate  on  a  filter.  Wash  it,  dry,  ignite,  transfer  to  a 
dish,  add  water,  then  excess  of  acetic  acid,  evaporate  to  dry- 
ness on  the  water-bath,  heat  till  there  is  no  more  smell  of 
acetic  acid,  add  water,  warm  again,  collect  the  insoluble 
residue  on  a  filter,  Avash,  dry,  ignite  it,  and  examine  for 
fluorine  by  the  etching  test. 

c.  Boil  repeatedly  with  water,  filter,  and  wash  the  residue 
with  boiling  water. 

The  residue : 

Consists  chiefly  of  calcium  and  magnesium  carbonates, 
silica,  and — in  the  case  of  chalybeate  waters — ferric  oxide. 
It  may  also  contain  barium,  strontium,  aluminium,  manganese, 
and  titanic  acid.  Treat  a  portion  with  water  in  a  dish,  add 
hydrochloric  acid  to  slightly  acid  reaction,  then  four  or  five 
drops  of  dilute  sulphuric  acid,  evaporate  to  dryness,  moisten 
with  hydrochloric  acid,  add  water,  warm  gently,  filter,  and 
wash  the  residue. 

*  This  precipitate  is  often  visible  only  on  the  sides  of  the  vessel  when 
the  fluid  l^as  been  pom*ed  out. 
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jOj  consists  principally  of  silica ;  it  may  also  contain 
sulphate  of  barium,  titanic  acid,  and  carbon.  Heat  in  a 
platinum  dish  repeatedly  with  hydrofluoric  and  sulphuric 
acids,  till  all  the  silica  is  driven  off:  finally  evaporate 
to  dryness.  If  a  residue  remains,  fuse  it  with  acid 
sulphate  of  potassium,  treat  with  cold  water,  filter,  and 
test  the  solution  for  titanic  acid  by  long-continued 
boiling.  If,  on  treating  the  fused  mass  with  water,  a 
residue  remained  insoluble,  wash  it,  and  incinerate  the 
filter.  Expose  the  ash  on  a  platinum  wire  to  the  reducing 
flame  for  some  time,  moisten  it  with  hydrochloric  acid, 
and  test  for  barium  in  the  spectroscope.  (Strontium  will 
hardly  be  found  here.) 

fy  Transfer  to  a  flask,  add  chloride  of  ammonium,  am- 
monia till  just  alkaline,  then  sulphide  of  ammonium;  fill 
the  flask  up  to  the  neck,  close  it,  and  allow  to  stand 
twenty-four  hours  in  a  rather  warm  place.  Filter. 

Pc^.  Dissolve  in  nitric  acid,  boil,  add  pure  soda  in 
excess,  boil  again,  and  filter. 

Test  a  part  for  mang-anese  in  the  carbonate 
of  sodium  bead,  and  another  part  for  iron,  by 
dissolving  in  hydrochloric  acid,  and  adding  sul- 
phocyanide  of  potassium. 

/g.    Add  excess  of  chloride  of  ammonium,  and 
heat.    A  precipitate  indicates  aluminium.^ 
contains  generally  the  whole  of  the  strontium,  and 
possibly  traces  of  barium.    Precipitate  it  with  car- 
bonate of  ammonium,  filter  after  some  time,  wash  the 
precipitate,  dry  and  test  it  as  directed  p.  76,  3rd  par. 
The  solution : 

Evaporate  to  a  very  small  bulk,  allow  to  cool ;  place  the 
dish  in  a  slanting  position  that  the  small  quantity  of  liquid 
may  separate  from  the  saline  deposit ;  transfer  a  few  drops  of 
the  fluid  to  a  watch-glass,  acidify  very  slightly  with  hydro- 
chloric acid,  and  test  with  turmeric  paper  for  boracic  acid. 
Evaporate  the  contents  of  the  dish  to  dryness,  rubbing  with  a 
pestle,  so  that  no  moisture  may  remain.  Divide  the  residual 
powder  into  two  parts,  one  larger  than  the  other. 

*  It  is  no  use  testing  for  aluminium  if  a  porcelain  dish  has  been  used 
in  the  evaporation. 
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Put  the  larger  portion  of  the  powder  into  a  flask^  add 
alcohol  of  90  per  cent.,  boil  in  a  water-bath  and  filter  hot ; 
repeat  the  operation  with  fresh  alcohol  twice.  Mix  the  solu- 
tion with  a  few  drops  of  potash,  and  evaporate  to  dryness. 
Treat  the  residue  three  times  with  warm  alcohol,  filter,  evapo- 
rate the  filtrate  to  dryness  with  addition  of  a  drop  of  potash, 
dissolve  in  a  little  water,  acidify  with  hydrochloric  acid,  add 
bisulphide  of  carbon,  then  chloride  of  soda,  and  shake ;  if 
iodine  is  present,  add  more  chloride  of  soda  cautiously  till 
the  bromine,  if  present,  shows  itself. 

Warm  the  smaller  portioa  of  the  powder  with  water,  add 
hydrochloric  acid  to  distinct  acid  reaction,  evaporate  nearly 
to  dryness,  then  mix  with  alcohol  of  90  per  cent.,  and  filter. 
Evaporate  the  filtrate  to  dryness  and  test  for  lithium  in  the 
spectroscope. 

2.  To  some  of  the  clear  water  add  mercuric  chloride  and 
carbonate  of  potassium  to  test  for  ammonium.  Or  put  a  litre 
of  the  water  into  a  retort,  distil  over  100  c.  c.  through  a 
Liebig^s  condenser,  and  apply  Nessler's  test. 

3.  Evaporate  some  of  the  water  to  dryness,  finishing  on 
the  water-bath,  and  test  for  nitric  acid  with  brucia  or  sulpho- 
phenic  acid. 

4.  To  some  of  the  water  add  a  solution  of  iodide  of 
potassium  and  starch,"^  and  then  some  pure  dilute  sulphuric 
acid,  and  allow  to  stand  a  few  minutes.  A  blue  color  indicates 
nitrous  acid.  It  is  well  to  try  a  counter  experiment  with 
pure  water. 

5.  To  twenty  or  thirty  gallons  of  the  water  add  carbonate 
of  sodium  till  the  reaction  is  just  alkaline,  and  evaporate  in  a 
large  iron  vessel  until  the  salts  soluble  in  water  begin  to 
separate,  then  filter.  Thfe  precipitate  may  be  washed  (the 
washings  not  being  mixed  with  the  filtrate)  and  examined  by 
the  method  given  below  for  sinter-deposits.  Mix  the  filtrate 
with  hydrochloric  acid  to  acid  reaction,  heat,  just  precipitate 
the  sulphuric  acid  with  chloride  of  barium,  filter  off  the  precipi- 

*  1  part  of  iodide  of  potassium,  20  parts  of  starch,  500  parts  of  water. 
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tate,  evaporate  to  dryness^  digest  with  alcohol  of  90  per  cent., 
and  examine  for  caesium  and  rubidium  according  to  the 
directions  given  under  the  head  of  the  Detection  of  Rare 
Metals. 

Dissolve  the  residue  insoluble  in  alcohol  in  a  little  hot 
water,  and  add  ammonia  in  excess ;  if  a  precipitate  appears, 
filter  it  off.  Add  iodide  of  potassium  to  the  warm  solution, 
and  allow  to  stand.  If  a  precipitate  forms,  test  it  in  the 
spectroscope  for  thallium. 

Examination  of  the  Sinter-Deposit. 

1.  Remove  sand  or  stones  by  sifting  or  elutriation,  and 
soluble  salts  by  washing.  Then  digest  about  200  grm.  with 
water  and  hydrochloric  acid  (effervescence  indicates  carbonic 
acid)  at  a  gentle  heat,  until  the  soluble  part  is  dissolved. 
Dilute,  allow  to  cool,  filter,  and  wash  the  residue. 

The  filtrate : 

Divide  into  two  portions,  one  larger  than  the  other. 
Heat  the  larger  portion  to  70°,  and  conduct  hydrosulphuric 
acid  into  it  for  some  time.    Then  allow  to  stand  in  a  mode- 
rately warm  place  till  the  smell  of  hydrosulphuric  acid  has 
,   passed  off,  and  filter. 

Py  Wash  and  dry,  remove  the  greater  part  of  the  free 
sulphur  by  bisulphide  of  carbon,  warm  gently  with  yellow 
sulphide  of  potassium,  dilute,  filter,  and  wash  the  residue 
with  water  containing  a  little  sulphide  of  potassium. 

p^.  Remove  from  the  filter,  boil  with  dilute  nitric 
acid,  filter,  and  wash  the  residue. 

p^.  Treat  with  sulphuretted  hydrogen  water, 
so  that  sulphate  of  lead  may  not  be  overlooked, 
then  test  for  barium  and  strontium  by  incine- 
rating, holding  the  ash  on  a  platinum  wire  in  the 
reducing  flame  for  some  time,  moistening  with 
hydrochloric  acid,  and  finally  holding  in  the  spec- 
troscope. 

/g.  Add  pure  sulphuric  acid,  evaporate  to  dry- 
ness on  the  water-bath,  treat  with  water,  and  filter. 
The  residue  consists  of  sulphate  of  lead ;  to  make 
sure,  wash  it,  and  treat  with  sulphm^etted  hydg^gen 
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water.  To  the  filtrate  add  ammonia^  to  test  for 
copper. 

/g.  Precipitate  with  hydrochloric  acid.  Wash  and 
dry  the  precipitate,,  extract  with  bisulphide  of  carbon, 
treat  the  filter  and  precipitate  with  red  fuming  nitric 
acid  in  a  dish,  evaporate  off  the  greater  part  of  the 
acid,  add  excess  of  carbonate  of  sodium  and  some 
nitrate  of  sodium,  fuse  and  treat  the  fusion  as  directed 
p.  72,  1,  for  the  detection  of  tin,  antimony,  and 
arsenic. 

Evaporate  a  portion  to  dryness,  treat  with  nitric 
acid  and  water,  filter,  and  test  the  filtrate  for  pliosphoi  ic 
acid  with  molybdate  of  ammonium.  Mix  the  remainder 
of  the  filtrate  in  a  flask  with  chloride  of  ammonium, 
ammonia,  and  sulphide  of  ammonium,  fill  up  to  the  neck, 
close,  and  allow  to  stand  in  a  rather  warm  place  until  the 
supernatant  fluid  is  yellow.  Filter. 

p^.  Wash  with  water  containing  sulphide  of  ammo- 
nium, treat  with  dilute  hydrochloric  acid,  and  examine 
for  nickel,  cobalt,  iron,  mang'anese,  zinc,  alumi- 
nium and  silica,  in  the  usual  manner.  Precipitate 
a  portion  of  the  hydrochloric  acid  solution  with  am- 
monia, and  treat  the  precipitate  as  directed  p.  128,  1, 
to  examine  for  titanic  acid. 

f^.  Add  carbonate  of  ammonium  and  oxalate  of 
ammonium  to  precipitate  calcium,  barium,  and 
strontium,  and  filter.  Test  the  precipitate  for  barium 
and  strontium,  as  directed  p.  76,  3rd  par.  Test  the 
filtrate  for  masrnesium. 
Dilute  the  small  portion  of  the  hydrochloric  acid  solution 

considerably,  add  chloride  of  l)arium,  and  allow  to  stand  twelve 

hours,  to  test  for  sulphuric  acid. 

The  residue  : 

This  consists  usually  of  sand,  hydrated  silica,  clay,  organic 
matter,  and  possibly  also  barium  and  strontium  sulphates. 
-  Boil  with  carbonate  of  sodium  to  dissolve  the  hydrated  silica, 
then  treat  on  the  filter  with  dilute  hydrochloric  acid  to  dis- 
solve the  barium  and  strontium,  leaving  the  clay  behind. 
Evaporate  the  solution  to  dryness,  and  test  for  barium  and 
strontium  in  the  spectroscope. 
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2.  Ignite  a  separate  portion  of  the  deposit,  stir  in  water, 
add  acetic  acid  to  acid  reaction,  evaporate  until  the  acid  is 
completely  driven  off,  add  water,  heat,  filter,  wash,  dry  and 
ignite  the  residue,  and  examine  it  for  fluorine  by  the  etching 
test. 

Analysis  of  the  Ashes  of  Plants,  zyZanures,  cScC. 

The  substance  to  be  incinerated  must  first  be  carefully 
cleaned.  The  incineration  is  effected  best  in  a  muffle,  but  it 
may  be  conducted  also  in  a  crucible  placed  in  a  slanting  posi- 
tion, or  in  a  platinum  dish,  with  the  aid  of  a  lamp  chimney 
to  create  a  draught.  The  heat  must  always  be  moderate,  that 
the  volatilization  of  certain  constituents,  especially  chlorides, 
may  be  avoided.  It  is  not  always  necessary  to  continue  the 
combustion  until  the  carbon  is  entirely  consumed.  With  ashes 
containing  a  large  proportion  of  fusible  salts,  it  is  advisable 
first  to  carbonize  thoroughly,  to  extract  the  mass  with  water, 
and  then  to  complete  the  incineration. 

It  is  well  to  examine  separately  the  aqueous  extract,  the 
hydrochloric  acid  extract  of  the  residue,  and  the  insoluble 
residue. 

Extraction  with  Water,  and  Examination  of  the 

Solution. 

Boil  the  ash  with  water,  filter,  and  wash  the  residue.  Di- 
vide the  solution  into  six  parts. 

1.  Heat,  add  hydrochloric  acid  in  excess,  and  heat  again. 
Effervescence  indicates  carbonate  of  potassium  or  sodium  ; 
smell  of  sulphuretted  hydrogen  indicates  sulphide  of  potassium 
or  sodium  produced  from  a  sulphate  by  the  action  of  carbon ; 
separation  of  sulphur  and  smell  of  sulphurous  acid  indi- 
cates a  hyposulphite  (occasionally  found  in  the  ash  of  coal). 
Filter  if  necessary,  and  test  the  filtrate  for  sulphuric  acid. 

2.  •  Evaporate  to  a  small  bulk,  add  hydrochloric  acid  to 
acid  reaction.  Test  a  few  drops  with  turmeric  paper  for 
boracic  acid.  Evaporate  the  rest  to  dryness,  treat  the  residue 
with  nitric  acid  and  water,  and  filter.  The  residue  consists  of 
silica.  To  the  filtrate  add  molybdate  of  ammonium  to  test 
for  phosphoric  acid. 

3.  Add  nitrate  of  silver,  as  long  as  a  precipitate  forms. 
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warm^  and  add  ammonia ;  if  a  black  residue  remains^  this 
consists  of  sulphide  of  silver,  and  is  to  be  filtered  off".  Mix 
"with  nitric  acid  in  slight  excess,  and  collect  the  precipitate  on 
a  filter.  It  contains  the  chlorine  (bromine  and  iodine). 
If  you  want  to  test  it  for  bromine  and  iodine  treat  it  with 
zinc  and  sulphuric  acid,  filter,  add  bisulphide  of  carbon  and  a 
drop  or  two  of  chloride  of  soda,  and  shake  ;  if  iodine  is  present, 
add  more  chloride  of  soda  cautiously,  and  shake,  when  the 
iodine  color  will  disappear,  and  the  bromine  color  will  take  its 
place.* 

4.  Heat  with  hydrochloric  acid,  add  excess  of  ammonia, 
and  oxalate  of  ammonium,  and  allow  to  stand.  A  precipitate 
indicates  calcium.  Filter  it  off",  and  test  for  magrnesium  by 
adding  phosphate  of  sodium,  and  allowing  to  stand  twelve 
hours.  Traces  of  magnesium  are  often  found  ;  calcium  is  only 
met  with  in  exceedingly  minute  quantities. 

5.  Examine  for  potassium  and  sodium  in  the  usual 
way. 

6.  Test  for  lithium  and  rubidium.  See  Detection  of 
Lithium,  &c.,  in  Presence  of  Potassium  and  Sodium. 

Extraction  with  Hydrochloric  Acid,  and  Examination 

OF  the  Solution. 

If  the  residue  insoluble  in  water  contains  much  carbon,  in- 
cinerate it  further.  Test  a  small  portion  for  fluorine  (p.  87,  3). 
Warm  the  rest  with  hydrochloric  acid.  Effervescence  indi- 
cates carbonate  of  calcium  or  magnesium  ;  smell  of  chlorine 
indicates  manganese.  Evaporate  to  dryness  with  a  little 
sulphuric  acid,  and  heat  a  little  more  strongly,  then  moisten 
with  hydrochloric  acid  and  nitric  acid,  add  water,  warm  and 
filter.  Test  the  residue  for  barium  and  strontium  (p.  135, 
jt?J.    Divide  the  filtrate  into  two  parts. 

1.  Add  hydrosulphuric  acid.  If  the  precipitate  is  other 
than  quite  white  you  must  examine  it  in  the  usual  way. 

2.  Mix  with  carbonate  of  sodium  till  a  precipitate  just 
begins  to  be  formed,  then  add  acetate  of  sodium  and  some 
acetic  acid,  and  filter. 

*  Iodine  in  plants  is  best  detected  by  dipping  the  plant  in  weak  potash, 
drying,  incinerating,  treating  with  water,  evaporating  the  solution  to 
absolute  dryness,  exhausting  with  alcohol,  and  proceeding  as  directed 
p.  136,  top. 
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A  white  precipitate  of  ferric  phosphate  usually 
formSj  whicli  may  contain  also  phosphate  of  aluminium. 
Wash_,  heat  with  pure  soda,  filter,  acidify  filtrate  with 
hydrochloric  acid,  add  slight  excess  of  ammonia,  and 
warm ;  a  precipitate  indicates  aluminium, 
fy  If  not  reddish,  add  ferric  chloride  drop  by  drop 
till  a  red  color  is  produced.  Heat  to  boiling,  filter  hot,^ 
add  ammonia  to  the  filtrate,  then  sulphide  of  ammonium ; 
allow  to  stand  in  a  flask  filled  to  the  mouth  and  closed, 
and  filter  after  some  time. 

Examine  for  mang'anese  and  zinc.f 
f^.    Examine  for  calcium  and  magrnesium  in  the 
usual  way.    The    calcium  precipitate  may  contain 
strontium,   which  may  be  tested   for  as  directed 
p.  76,  3rd  par. 

Examination  of  the  E-esidue  exhausted  by  Water  and 

Hydrochloric  Acid. 

Most  ashes  will  entirely  dissolve  in  hydrochloric  acid  with 
the  exception  of  a  little  silica,  which  may  separate,  and  of  ex- 
traneous matter  such  as  sand,  clay,  and  carbon.  In  most 
cases,  therefore,  you  have  only  to  boil  the  residue  with  car- 
'  bonate  of  sodium,  filter  hot,  wash  with  boiling  water,  and  test 
for  silica  in  the  filtrate  by  evaporation  with  hydrochloric 
acid. 

Some  ashes,  however,  contain  large  quantities  of  silica,  and 
silicates  might  be  present  in  them  which  are  not  decomposed 
by  hydrochloric  acid.  If  you  want  to  examine  the  residue 
you  may  divide  it  in  half.  Evaporate  one  half  to  dryness 
with  pure  soda  in  a  silver  or  platinum  dish.  This  decomposes 
the  silicates,  leaving  the  sand.  Acidify  now  with  hydro- 
chloric acid,  evaporate  to  dryness,  &c.,  and  proceed  as  above 
under  the  "  Examination  of  the  Hydrochloric  Acid  Extract.^' 
For  the  detection  of  alkalies  use  the  other'  half  of  the  residue, 
treating  it  as  directed  p.  130,  2. 

*  If  the  filtrate  is  colored,  it  must  be  boiled  with  more  acetate  of 
sodium. 

t  This  metal  is  occasionally  found. 
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Analysis  of  Compound  Cyanides^  insoluble  in  Water, 
or  of  Mixtures  containing*  them. 

The  presence  of  cyanogen  in  such  substances  is  usually  in- 
dicated by  the  smell  of  hydrocyanic  acid  on  heating  with 
hydrochloric  acid. 

Were  you  to  attempt  to  dissolve  them  in  acids,  and  analyse 
them  in  the  usual  way,  you  would  meet  with  confusing  results. 

If  you  simply  wish  to  examine  for  metals,  treat  the  powdered 
substance  with  strong  sulphuric  acid  diluted  with  a  little  water, 
and  ignite  till  the  excess  of  acid  is  driven  off.  The  residue 
consists  of  sulphates,  and  may  be  analysed  in  the  usual  manner. 

But  if  you  wish  to  analyse  the  substance  completely,  the 
following  method  must  be  adopted. 

1.  Extract  the  substance  with  water,  boil  the  residue  with 
potash  for  a  few  minutes,  then  add  carbonate  of  sodium  and 
boil  again  for  some  time.     Filter  and  wash  the  residue. 

p^.  Will  be  free  from  cyanogen  unless  cyanide  of  silver 
is  present.  Examine  in  the  usual  way  for  mixed  sub- 
stances. 

fy  Add  a  sufficient  quantity  of  hydrosulphuric  acid  to 
test  for  copper,  iron,  &c.t 

If  no  permanent  precipitate  is  formed,  lead  and  zinc  are 
absent,  pass  on  to  /g.  . 

If  a  permanent  precipitate  is  formed,  add  a  little  yellow  sul- 
phide of  sodium  drop  by  drop  till  the  copper,  iron,  &c.,  are 
just  precipitated,  heat  gently,  filter,  and  wash  the  precipi- 
tate. 

p^.  Dissolve  in  nitric  acid  (mercuric  sulphide  may  be 
left),  and  examine  for  lead,  copper,  zinc,  and  other 
metals  of  the  third  group  which  may  have  dissolved 
by  the  agency  of  organic  matter. 

/g.    Add  water,  then  sulphuric  acid  in  excess,  and 

*  The  analysis  of  simple  cyanides  is  straightforward  enough,  as  they 
are  all  decomposed  by  boiling  with  hydrochloric  acid,  hydrocyanic  acid 
being  evolved,  and  the  metal  converted  into  chloride. 

t  Do  not  add  the  hydrosulphuric  acid  until  the  liquid  smells  of  it,  as 
this  might  lead  to  the  precipitation  of  aluminium,  and  even  of  tin,  anti- 
mony, and  arsenic,  which  are  not  intended  to  be  thrown  down  here. 


SPECIAL  ANALYSIS. 


143 


hydrosulphuric  acid  if  the  fluid  already  does  not 

smell  strongly  of  it.  Filter. 

p^.     Wash,   test  for  mercury,  tin,  antimony, 
and  arsenic  in  the  usual  way. 
/g.    May  contain  aluminium,  cyanogen  acids  (con- 
taining cobalt,  manganese,  iron,  chromium),  and 
other  acids.    Divide  into  two  parts. 

1.  Test  for  acids. 

2.  Evaporate  nearly  to  dryness,  add  strong  sul- 
phuric acid,  and  heat,  till  the  greater  portion  of 
the  excess  of  acid  is  driven  off".  Dissolve  the 
residue  in  water,  and  test,  the  solution  for  cobalt, 
mang'anese,  iron,  chromium,  and  aluminium, 
in  the  usual  way. 

2.  Decompose  another  portion  of  the  original  substance  by 
ignition  with  strong  sulphuric  acid,  and  test  the  residue  for 
potassium  and  sodium,  after  having  separated  the  other 
metals. 

General   Rules  for  the  Detection  of   Inorg-anic  Sub- 
stances in  the  presence  of  Org-anic  Matter. 

a.  The  substance  dissolves  in  water,  but  the  solution  is  dark- 
colored  or  slimy. 

1 .  Boil  a  portion  of  the  solution  for  some  time  with  nitric 
acid,  and  filter.  If  the  organic  matter  is  destroyed,  use  the 
solution  for  analysis  in  the  ordinary  way.  If  the  organic 
matter  is  not  destroyed,  test  the  solution  only  for  silver, 
potassium,  and  chlorine. 

2.  If  the  organic  matter  has  not  been  destroyed  in  I,  heat 
a  fresh  portion  of  the  original  solution  with  hydrochloric  acid 
on  a  water-bath,  gradually  add  chlorate  of  potassium  until 
the  mixture  is  decolorized  and  perfectly  fluid.  Heat  until  it 
no  longer  smells  of  chlorine,  then  dilute  and  filter.  Examine 
the  filtrate  in  the  usual  way. 

3.  Aluminium  and  chromium,  being  not  precipitated  in  the 
ordinary  course  of  analysis  when  non-volatile  organic  matter 
is  present,  must  be  looked  for  separately.  Mix  a  fresh  portion 
of  the  original  solution  with  carbonate  of  sodium  and  chlorate 
of  potassium,  and  throw  the  mixture  gradually  into  a  red -hot 
crucible.    Treat  the  fused  mass  with  water,  and  examine  the 
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solution  for  cliromic  acid  and  aluminium^  the  residue  for 
aluminium. 

4.  Test  a  fresh  portion  of  the  original  substance  for  am- 
monium. 

b.  The  substance  does  not  dissolve  completely  when  treated  with 

boiling  water,  but  the  liquid  can  be  filtered. 

Filter^  examine  the  filtrate  in  the  usual  way ;  unless  it 
requires  decoloration,  when  the  process  directed  in  a  must 
be  adopted.    If  the  residue 

is  fatty.  Remove  the  fatty  matter  with  ether.  If  a  residue 
still  remains,  examine  by  the  usual  method  for  mixed  sub- 
stances. 

is  resinous.    Remove  the  resin  with  alcohol,  or  extract 
with  alcohol  first  and  then  with  ether. 
is  neither  fatty  nor  resinous  (such  as  woody  fibre).  Dry 
and  divide  it  into  three  parts. 

1.  Incinerate"^  and  examine  the  ash  by  the  ordinary 
method  for  mixed  substances. 

2.  Examine  for  metals  which  may  be  volatilized  by 
ignition,  such  as  mercury,  cadmium,  arsenic,  zinc,  and 
for  acids  as  directed  in  a. 

3.  Test  for  ammonium. 

c.  The  substance  does  not  completely  dissolve  when  treated  with 

boiling  water,  and  the  liquid  cannot  be  filtered. 

Treat  the  substance  like  the  residue  in  b. 

*  It  is  often  advisable  first  to  carbonize  thoroughly,  then  to  extract 
with  water  and  incinerate  the  residue,  the  aqueous  extract  and  ash  being 
both  examined. 
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THE  RARE  METALS. 

The  rare  metals  may  be  classed  as  follows^  see  p.  25 

PRECIPITATED  WITH  METALS  OF  GROUP  I. 

.       . ,  (Niobium. 
As  acids  i 

(Tungsten. 

As  chloride  Thallium. 


PRECIPITATED  WITH  METALS  OF  GROUP  II.  AS 

SULPHIDES. 

Div.  1. — Sulphides  insoluble  in  sulphide  of  ammonium. 

Palladium. 
Rhodium. 
Osmium. 
Ruthenium. 

Div.  II. — Sulphides  soluble  in  sulphide  of  ammonium. 

Gold. 

Platinum. 

Iridium. 

Molybdenum. 

Tellurium. 

Selenium. 


PRECIPITATED  WITH  METALS  OF  GROUP  HI. 


f  (Thallium). 
As  sulphides  -j  Uranium. 

Indium. 
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As  hydrates  < 


'  Beryllmm. 
Thoriiim. 
Zirconium. 
Yttrium. 
Terbium. 
Erbium. 
Cerium. 
Lantbanium. 
Didymium. 
Titanium. 
\  Tantalum. 


PEECIPITATED  BY  HYDROCHLORIC  ACID  IN  THE  FILTRATE 
FROM  METALS  OF  GROUP  III.,  AS  SULPHIDES. 

Vanadium. 
(Tungsten) . 


FOUND  AMONG  METALS  OF  GROUP  V. 

Lithium. 

Caesium. 

Rubidium. 


REACTIONS  OF  RARE  METALS. 

Niobium. 

Niobium  forms  two  oxides,  the  niobous  and  niobic  anhy- 
drides. The  former  is  found  in  columbite,  and  samarskite. 
Niobous  anhydride  is  white ;  it  varies  in  density  between  4* 6 
and  6'5  ;  it  combines  with  bases  and  acids.  Strong  sulphuric 
acid  dissolves  niobous  anhydride  upon  heating;  by  addition  of 
a  large  quantity  of  cold  water,  a  clear  solution  is  obtained, 
from  which  the  niobous  anhydride  separates  in  combination 
with  sulphuric  acid,  gradually  in  the  cold,  rapidly  on  boiling ; 
upon  washing  the  precipitate  with  carbonate  of  ammonium, 
and  then  with  highly  dilute  hydrochloric  acid,  the  niobous 
acid  is  obtained ;  and  upon  igniting  the  precipitate  in  an  atmo- 
sphere of  carbonate  of  ammonium,  niobous  anhydride  is  ob- 
tained. By  fusion  with  acid  sulphate  of  potassium,  niobous 
anhydride  is  readily  dissolved ;  on  treating  the  fused  mass  with 
water,  sulphate  of  niobous  anhydride  is  left  behind.  With 
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potaslij  niobous  anhydride  fuses  to  a  clear  mass_,  soluble  in 
water.  With  soda^  niobous  anhydride  fuses  to  a  turbid  mass, 
from  which  water  dissolves  the  excess  of  soda ;  after  the  re- 
moval of  the  latter,  the  niobite  of  sodium  dissolves  in  water. 
Fusion  with  carbonate  of  sodium  has  the  same  effect  as  fusion 
with  soda.  By  ignition  of  niobous  anhydride,  mixed  with 
charcoal,  in  a  current  of  chlorine,  white  niobous  chloride  and 
yellow  niobic  chloride  are  formed  ;  both  these  chlorides  are 
solid,  but  the  latter  is  somewhat  more  volatile  than  the  former. 
Microcosmic  salt  dissolves  niobous  anhydride  copiously;  the 
bead  produced  in  the  inner  flame  shows  a  violet,  blue,  or 
brown  color;  addition  of  ferrous  sulphate  imparts  a  blood-red 
tint  to  it.  The  solutions  of  the  alkaline  niobites  show  the 
following  reactions : — 

They  are  not  rendered  turbid  by  boiling. 

Hydrochloric  acid  produces  a  precipitate  which  does  not 
redissolve  in  excess  of  the  reagent  (here  niobous  acid  differs 
from  titanic  and  tantalic  acids). 

Ammonia  and  sulphide  of  ammonium  added  to  acidified  solu- 
tions produce  a  precipitate  of  acid  niobite  of  ammonium. 

Soda  slowly  added  to  solution  of  niobite  of  sodium  precipi- 
tates the  salt  in  the  crystalline  form. 

Sulphuric  acid  precipitates  the  whole  of  the  niobous  acid 
on  boiling. 

Carbonic  acid  throws  down  acid  niobite  of  the  alkali  metal, 
which  is  soluble  in  boiling  dilute  solution  of  carbonate  of 
sodium.  (Means  of  separating  niobous  acid  from  tantalic 
acid.) 

Ferrocyanide  of  potassium  produces  a  dark  brown  precipi- 
tate in  acidified  solutions. 

If  hydrochloric  acid  is  added  and  then  zinc,  the  precipitate 
of  niobous  acid  acquires  a  blue  tint,  which  gradually  changes 
to  brown  (here  niobous  acid  differs  from  tantalic  acid). 

Tungrsten. 

Tungsten  occurs  most  frequently  as  tungstate  of  calcium 
and  the  mineral  wolfram.  Tungsten,  obtained  by  the  reduc- 
tion of  tungstic  anhydride  in  a  stream  of  hydrogen  at  an  in- 
tense red  heat,  is  an  iron-grey  powder,  which  fuses  with  ex- 
treme difficulty.  The  pulverulent  metal  is  converted  by  ignition 
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in  the  air  into  tnngstic  anhydride  (WO3),  by  ignition  in  a  cur- 
rent of  dry  air-free  chlorine  into  dark  violet  hexachloride^  which 
sublimes,,  and  a  more  volatile  red  compound  (WCl^  .  WClg). 
These  chlorides  are  decomposed  by  vrater  into  the  corre- 
sponding hydrates  of  tungsten  with  formation  of  hydro- 
chloric acid.  Tungsten  is  insoluble  in  acids^  even  in  aqua 
regia,  and  also  in  potash;  it  dissolves^  however^  in  the  latter 
if  mixed  with  chloride  of  soda.  Binoxide  of  tungsten  is  black ; 
by  intense  ignition  with  free  access  of  air  it  is  converted  into 
tungstic  anhydride.  Tungstic  anhydride  is  lemon-yellow^ 
fixed^  insoluble  in  water  and  acids.  By  fusing  tungstic  anhy- 
dride with  acid  sulphate  of  potassium^  and  treating  the  fused 
mass  with  water,  an  acid  solution  is  obtained,  which  contains 
no  tungstic  acid ;  after  the  removal  of  this  solution  the  residue, 
consisting  of  tungstate  of  potassium  and  excess  of  tungstic 
acid,  completely  dissolves  in  water  containing  carbonate  of 
ammonium  (means  of  separating  tungstic  from  silicic  acid). 
Tungstates  of  the  alkali  metals  soluble  in  water  are  formed 
readily  by  fusion  with  alkaline  carbonates,  but  with  difficulty 
by  boiling  with  solutions  of  the  same.  In  analysing  wolfram, 
it  is  fused  with  alkaline  carbonates,  and  treated  with  water, 
which  dissolves  the  alkaline  tungstate  formed.  Microcosmic 
salt  dissolves  tungstic  anhydride;  the  bead  acquiring  in  the 
reducing  flame  a  blue  color,  which  turns  blood-red  on  the  ad- 
dition of  ferrous  sulphate.  The  solutions  of  tungstates  show 
the  following  reactions  : — 

Hydrochloric  acid,  nitric  acid,  and  sulphuric  acid,  produce  a 
white  precipitate,  which  is  insoluble  iu  excess  of  the  acids 
(here  tungstic  acid  differs  from  molybdic  acid),  but  soluble  in 
ammonia.  Upon  evaporating  with  excess  of  hydrochloric  acid 
to  dryness,  and  treating  the  residue  with  water,  tungstic 
anhydride  is  left  undissolved. 

Hydrosulphuric  acid  barely  precipitates  acid  solutions. 

Sulphide  of  ammonium  fails  to  precipitate  solutions  of  alka- 
line tungstates;  upon  acidifying  the  mixture,  light-brown  ter- 
sulphide  of  tungsten  precipitates,  which  is  slightly  soluble  in 
pure  water,  but  insoluble  in  water  containing  salts. 

Ferrocyanide  of  potassium ,  added  to  acidified  solutions,  colors 
the  fluid  deep  brownish-red,  and  after  some  time  produces  a 
precipitate  of  the  same  color. 

Stannous  chloride  produces  a  yellow  precipitate ;  on  acidify- 
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iog  with  hydrochloric  acid^  and  applying  heat,  this  precipitate 
acquires  a  beautiful  blue  color.  (Highly  characteristic  and 
delicate.) 

Zinc  added  to  solutions  of  alkaline  tungstate^  mixed  with 
phosphoric  acid,  imparts  a  beautiful  blue  color. 

Chloride  of  barium,  and  nitrate  of  silver  produce  white  pre- 
cipitates. 

Thallium. 

This  metal  occurs  in  small  quantities  often  in  copper  pyrites, 
iron  pyrites,  and  crude  sulphur.  It  is  also  found  accumu- 
lated in  the  dust  of  the  flues  leading  to  sulphuric  acid  cham- 
bers, where  the  furnaces  are  fed  with  thalliferous  pyrites.  It 
is  sometimes  found  in  sulphuric  acid  and  hydrochloric  acid, 
lepidolite,  preparations  of  bismuth  and  cadmium,  ores  of  zinc 
mercury  and  antimony,  the  ashes  of  plants,  and  certain  saline 
waters.  There  are  two  oxides — thallous  oxide  (TI2O,  the  base 
of  the  salts)  and  sesquioxide  of  thallium.  Thallous  oxide  is 
colorless  and  fusible  ;  when  fusing  it  acts  on  glass  or  porcelain. 
It  is  soluble  in  water;  the  solution  is  colorless,  alkaline, 
caustic,  and  absorbs  carbonic  acid.  It  is  also  soluble  in 
alcohol.  Sesquioxide  of  thallium  is  insoluble  in  water  and 
dark  violet ;  its  hydrate  is  brown.  Sesquioxide  of  thallium  is 
hardly  acted  on  by  concentrated  sulphuric  acid  in  the  cold ; 
on  heating  it  is  dissolved.  On  heating  it  with  hydrochloric 
acid,  thallous  chloride  is  formed  with  evolution  of  chlorine. 
The  thallium  salts  are  colorless,  some  are  soluble  in  water 
(sulphate,  nitrate,  phosphate,  tartrate,  acetate),  some  are  diffi- 
cultly soluble  (carbonate,  chloride),  some  nearly  insoluble 
(iodide,  &c.).  Thallium  compounds  color  flame  intensely 
green ;  the  spectrum  shows  only  one  characteristic  splendid 
emerald  green  line.  If  the  quantity  of  metal  is  small,  the  line 
soon  disappears.  The  spectroscope  generally  afi'ords  the  best 
means  of  detecting  thallium.  Thalliferous  pyrites  often  gives 
the  green  line  at  once.  If  you  want  to  look  for  thallium  in 
crude  sulphur,  it  is  best  to  remove  the  greater  part  of  the 
sulphur  with  bisulphide  of  carbon,  and  then  to  test  the  residue. 
In  the  presence  of  much  sodium  with  very  small  quantities  of 
thallium  the  green  line  will  not  be  seen,  unless  you  moisten 
the  substance  and  examine  the  spectrum  which  is  first  pro- 
duced.   Thallium  salts  give  the  following  reactions : — 
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Hydrochloric  acid  precipitates  tliallous  chloride,  if  the  solu- 
tion is  not  very  dilute ;  the  precipitate  is  white  and  readily 
subsides  ;  light  has  no  action  upon  it  j  it  is  less  soluble  in 
dilute  hydrochloric  acid  than  in  water. 

Hydro  sulphuric  acid  does  not  precipitate  acid  solutions. 

Sulphide  of  ammonium  produces  in  neutral  solutions  a  black 
precipitate  of  sulphide  of  thallium,  which  readily  unites  to 
lumps,  especially  on  heating.  The  sulphide  is  insoluble  in 
ammonia,  sulphides  of  the  alkali  metals  and  cyanide  of  potas- 
sium, it  dissolves  in  dilute  hydrochloric  and  sulphuric  acids 
with  some  difficulty,  and  it  is  readily  soluble  in  nitric  acid. 
On  being  heated  it  first  fuses  and  then  volatilizes. 

Potash  and  ammonia  produce  no  precipitate. 

Alkaline  carbonates  precipitate  the  carbonate  only  from 
very  concentrated  solutions  (for  100  parts  of  water  dissolve 
5*23  parts  of  the  carbonate  of  thallium  at  18°). 

Iodide  of  potassium  precipitates  iodide  of  thallium,  even 
from  the  most  dilute  solutions.  The  precipitate  is  light  yel- 
low, almost  insoluble  in  water,  not  quite  so  insoluble  in  iodide 
of  potassium. 

Chloride  of  platinum  precipitates  chloride  of  thallium  and 
platinum  (TlgPtClg)  from  solutions  which  are  not  too  dilute ; 
the  precipitate  is  of  a  pale  orange  color,  and  very  difficultly 
soluble. 

Zinc  precipitates  the  metal  in  black  laminse. 

For  the  detection  of  thallium  in  the  wet  way,  iodide  of 
potassium  is  the  most  delicate  reagent ;  if  iron  is  present,  it 
must  previously  be  reduced  by  sulphite  of  sodium. 

Palladium. 

Palladium  is  found  in  the  metallic  state,  occasionally  alloyed 
with  gold  and  silver,  but  more  particularly  in  platinum  ores. 
It  greatly  resembles  platinum,  but  is  somewhat  darker  in 
color.  It  fuses  with  great  difficulty.  It  does  not  oxidize 
when  heated  in  the  air.  It  is  sparingly  soluble  in  pure  nitric 
acid,  but  dissolves  somewhat  more  readily  in  nitric  acid  con- 
taining nitrous  acid ;  it  dissolves  very  sparingly  in  boiling 
concentrated  sulphuric  acid,  but  readily  in  aqua  regia.  It 
dissolves  in  fusing  bisulphate  of  potassium.    There  are  three 
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oxides  :  the  suboxide,  the  protoxide  (the  base  of  the  ordinary 
salts)j  and  the  binoxide.  Protoxide  of  palladium  is  blacky  the 
hydrate  dark-brown;  both  are^  by  intense  ignition^  resolved 
into  oxygen  and  metallic  palladium.  Binoxide  of  palladium 
is  black ;  by  heating  with  dilute  hydrochloric  acid;,  it  is  dis- 
solved to  the  ordinary  chloride^,  with  evolution  of  chlorine. 
The  salts  of  palladium  are  mostly  soluble  in  water ;  they  are 
brown  or  reddish-brown;  they  are  decomposed  by  ignition^ 
leaving  metallic  palladium  behind.  Water  precipitates  from  a 
solution  of  •  the  nitrate  containing  a  slight  excess  of  acid  a 
brown  basic  salt.  Chloride  of  palladium  shows  the  following 
reactions  : — 

Hydro  sulphuric  acid  throws  down  black  sulphide,  insoluble 
in  sulphide  of  ammonium,  soluble  in  boiling  hydrochloric  acid, 
readily  soluble  in  aqua  regia. 

Sulphide  of  ammonium  produces  the  same  precipitate. 

Potash  precipitates  a  brown  basic  salt,  soluble  in  excess  of 
the  precipitant. 

Ammonia  produces  a  flesh-colored  precipitate  of  N2HgPdCl2, 
which  is  soluble  in  excess  of  the  precipitant  to  a  colorless 
fluid;  on  adding  hydrochloric  acid  to  this  solution,  a  yellow 
crystalline  body  is  thrown  down,  having  the  same  composition 
as  the  first  precipitate. 

Cyanide  of  mercury  precipitates  yellowish- white  gelatinous 
cyanide  of  palladium,  soluble  in  hydrochloric  acid  and  in 
ammonia.     (Very  characteristic.) 

Stannous  chloride  produces,  in  the  absence  of  hydrochloric 
acid,  a  brownish  black  precipitate;  in  the  presence  of  hydro- 
chloric acid,  a  red  color,  which  speedily  turns  brown,  and 
ultimately  green,  and  upon  addition  of  water  brownish-red. 

Ferrous  sulphate  produces  a  deposit  of  palladium  on  the 
sides  of  the  glass. 

Iodide  of  potassium  precipitates  black  iodide  of  palladium. 
(Very  characteristic.) 

Chloride  of  potassium  precipitates  from  strong  solutions 
chloride  of  potassium  and  palladium  (K^PdClJ,  in  the  form  of 
golden-yellow  needles,  which  dissolve  readily  in  water  to  a 
dark  red  fluid,  but  are  insoluble  in  alcohol. 

Nitrite  of  potassium  produces  a  yellowish  precipitate,  which 
becomes  reddish  by  long  standing,  and  dissolves  in  a  conside- 
rable quantity  of  water. 
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Rhodium. 

Khodium  is  found  in  small  quantities  in  platinum  ores.  It 
is  almost  silver  white^  very  malleable^  and  difficultly  fusible. 
When  prepared  in  the  vret  way  it  is  a  grey  powder.  The 
powder  when  ignited  in  the  air  absorbs  oxygen_,  which  it  gives 
up  again  upon  stronger  ignition.  Rhodium  is  insoluble  in  all 
acids ;  it  dissolves  in  aqua  regia  only  when  alloyed  with 
platinum,,  copper,  &c.,  and  not  when  alloyed  with  gold  or 
silver.  Fusing  metaphosphoric  acid  and  fusing  bisulphate  of 
potassium  dissolve  it,  forming  a  rhodium  salt.  There  are  four 
oxides :  the  protoxide,  sesquioxide  (base  of  the  salts),  binoxide, 
and  tetroxide  (anhydride  of  a  weak  acid).  The  sesquioxide  is 
grey ;  it  is  insoluble  in  acids,  but  dissolves  in  fusing  meta- 
phosphoric acid  and  in  fusing  bisulphate  of  potassium.  There 
are  two  hydrates :  a  yellow  and  a  brownish-black.  The  solu- 
tions are  rose-colored. 

Sulphuretted  hydrogen  precipitates  in  time,  especially  when 
assisted  by  heat,  a  brown  sulphide,  which  is  insoluble  in 
sulphide  of  ammonium,  but  dissolves  in  boiling  nitric  acid. 

Sulphide  of  ammonium  produces  the  same  precipitate  under 
the  same  circumstances. 

Potash,  if  added  in  not  too  large  excess,  throws  down  at 
once  yellow  RoHgOgjHgO,  which  is  soluble  in  excess  of  the 
precipitant  at  the  ordinary  temperature ;  on  boiling  the  solu- 
tion, blackish- brown  RoHgOg  is  precipitated.  In  a  solution 
of  the  chloride,  potash  at  first  produces  no  precipitate,  but,  on 
addition  of  alcohol,  black  R0H3O3  separates. 

Ammonia  produces  after  some  time  a  yellow  precipitate, 
soluble  in  hydrochloric  acid. 

Zinc  precipitates  black  metallic  rhodium. 

On  heating  with  nitrite  of  potassium,  the  chloride  of  rhodium 
becomes  yellow,  and  an  orange-yellow  precipitate  is  formed, 
which  is  slightly  soluble  in  water,  but  readily  soluble  in  hydro- 
chloric acid ;  at  the  same  time  another  portion  of  the  rhodium 
is  converted  into  a  yellow  salt,  which  remains  in  solution  and 
is  precipitated  by  alcohol. 

All  solid  compounds  of  rhodium,  on  ignition  in  hydrogen, 
yield  the  metal,  which  is  well  characterized  by  its  insolubility 
in  aqua  regia,  its  solubility  in  fusing  bisulphate  of  potassium, 
and  the  behaviour  of  its  solution  to  potash  and  alcohol. 
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Osmium. 

Osmmm  is  found  in  platinum  ores  as  a  native  alloy  of 
osmium  and  iridium.  It  is  generally  obtained  as  a  black 
powder^  or  grey  and  with  metallic  lustre ;  it  is  infusible. 
The  metal_,  the  protoxide  and  the  binoxide_,  oxidize  readily 
when  ignited  in  the  air_,  and  give  osmic  anhydride  (OsOJ, 
which  volatilizes,  and  makes  its  presence  speedily  known  by 
its  peculiar_,  exceedingly  irritating  and  offensive  smell,  resem- 
bling that  of  chlorine  and  iodine  (highly  characteristic).  If  a 
little  osmium  on  a  strip  of  platinum  foil  is  held  in  the  outer 
mantle  of  a  flame,  the  flame  becomes  most  strikingly  luminous. 
Even  minute  traces  of  osmium  may  by  this  reaction  be  de- 
tected in  alloys  of  iridium  and  osmium ;  but  the  reaction  is  in 
that  case  only  momentary ;  it  may,  however,  be  reproduced  by 
holding  the  substance  first  in  the  reducing  flame,  then  again 
in  the  outer  mantle.  Nitric  acid,  more  particularly  red 
fuming  nitric  acid,  and  aqua  regia,  dissolve  osmium  to  osmic 
acid.  ApplicatiQn  of  heat  promotes  the  solution,  which  is 
however  attended  in  that  case  with  volatilization  of  osmic 
acid.  Very  intensely  ignited  osmium  is  insoluble  in  acids ;  it 
is  fused  with  nitrate  of  potassium,  and  the  fused  mass  distilled 
with  nitric  acid ;  the  osmic  acid  is  found  in  the  distillate. 

By  heating  osmium  in  dry  chlorine  free  from  air,  first 
bluish-black  bichloride  is  formed,  but  always  only  in  small 
quantity,  then  the  more  volatile  and  red  tetrachloride ;  if 
moist  chlorine  is  used,  a  green  mixture  of  both  chlorides 
is  formed.  The  bichloride  dissolves  with  a  blue  color,  the 
tetrachloride  with  a  yellow  color,  and  both  together  with 
a  green  color,  which  turns  red.  The  solutions  are  soon 
decomposed,  osmic  acid,  hydrochloric  acid,  and  a  mixture  of 
protoxide  and  binoxide,  being  formed,  the  mixed  oxides  sepa- 
rating as  a  black  powder.  On  heating  a  mixture  of  powder 
of  osmium,  or  of  sulphide  of  osmium,  and  chloride  of 
potassium,  in  chlorine,  a  compound  of  tetrachloride  of  osmium 
and  chloride  of  potassium  is  produced  in  the  form  of  octahedra, 
which  are  slightly  soluble  in  water  and  insoluble  in  alcohol. 
The  solution  of  this  double  salt  is  more  permanent  than  that  of 
the  tetrachloride.  Potash  decolorizes  the  solution ;  on  boiling 
bluish-black,  hydrated  binoxide  of  osmium  separates.  On 
fusing  the  double  chloride  with  carbonate  of  sodium,  dark 
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grey  binoxide  of  osmium  separates.  The  pure  osmic  anhy- 
dride has  no  effect  on  litmus_,  and  cannot  form  salts.  The 
pure  anhydride  is  white^  crystalline,  fusible  at  a  gentle  heat, 
and  boils  at  about  100° ;  the  fumes  attack  the  nose  and  eyes 
powerfully.  Heated  with  water,  it  fuses  and  dissolves,  but 
slowly.  The  solution  has  an  irritating,  unpleasant  smell. 
Alkalies  color  the  solution  yellow  in  consequence  of  the  formation 
of  osmite  of  potassium  (KgOsOJ;  on  distilling,  the  greater  part  of 
the  osmic  acid  passes  over  (very  characteristic),  the  remainder 
splits  into  oxygen  and  osmious  acid,  or  on  boiling  into  osmic 
acid,  binoxide  of  osmium,  and  potash.  Osmic  acid  shows  the 
following  reactions : — 

Hydro  sulphuric  acid  precipitates  brownish-black  sulphide, 
which  only  separates  when  a  strong  acid  is  present ;  the  pre- 
cipitate is  insoluble  in  sulphide  of  ammonium. 

Indigo  solution  is  decolorized. 

Iodide  of  potassium  is  decomposed,  iodine  being  separated. 
Nitrite  of  potassium  reduces  osmate  of  potassium  readily  to 
osmite. 

Sulphite  of  sodium  produces  a  deep  violet  coloration,  and 
dark-blue  sulphite  of  osmium  (corresponding  to  the  protoxide) 
gradually  separates,  especially  on  evaporating  or  warming  with 
sulphate  or  carbonate  of  sodium. 

Ferrous  sulphate  produces  a  black  precipitate  of  binoxide. 

Stannous  chloride  produces  a  brown  precipitate  soluble  in 
hydrochloric  acid. 

Zinc  and  many  metals  in  the  presence  of  a  strong  acid  pre- 
cipitate metallic  osmium. 

All  the  compounds  of  osmium  yield  the  metal  on  ignition 
in  a  current  of  hydrogen. 

Ruthenium. 

Ruthenium  is  found  in  small  quantities  in  platinum  ores. 
It  is  greyish- white,  brittle,  and  very  difficultly  fusible.  It  is 
barely  acted  on  by  aqua  regia;  fusing  bisulphate  of  potassium 
fails  altogether  to  affect  it.  By  ignition  in  the  air  it  is  con- 
verted into  dark  bluish  sesquioxide,  insoluble  in  acids ;  by 
ignition  with  chloride  of  potassium  in  a  current  of  chlorine, 
into  terchloride  of  ruthenium  and  chloride  of  potassium ; 
by  fusion  with  nitrate  of  potassium,  with  potash  or  with 
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cUorate  of  potassium^  into  ruthenate  of  potassium  (KgRuOJ. 
The  fused  mass  obtained  in  the  latter  case  is  dark  grey^  and 
dissolves  to  an  orange-colored  fluids  which  colors  the  skin 
black,  from  the  reduction  and  separation  of  black  oxide.  Acids 
throw  down  from  the  solution  black  sesquioxide_,  which  dis- 
solves in  hydrochloric  acid  to  an  orange-yellow  fluid.  The 
solution  is  resolved  by  heat  into  hydrochloric  acid  and  dark 
brown  sesquioxide,  which  remains  suspended  for  a  long  time, 
and  has  great  tinctorial  power.  In  a  concentrated  state  it 
gives  with  chloride  of  potassium  and  chloride  of  ammonium  a 
crystalline,  glossy-violet  precipitate,  which  on  boiling  with 
water  deposits  black  oxybichloride. 

Hydrosulphuric  acid  gas  causes  at  first  no  alteration,  but 
after  some  time  the  fluid  acquires  an  azure  tint,  and  deposits 
brown  sulphide  of  ruthenium  (very  characteristic). 

Sulphide  of  ammonium  produces  a  dark  brown  precipitate, 
barely  soluble  in  excess  of  the  precipitant. 

Potash  precipitates  black  hydrated  sesquioxide,  which  is 
insoluble  in  alkalies,  but  dissolves  in  acids. 

Sulphocyanide  of  potassium  produces — in  the  absence  of 
other  metals  of  the  platinum  ores — after  some  time  a  red 
coloration,  which  gradually  changes  to  purple,  and,  upon  heat- 
ing, to  a  fine  violet  tint  (very  characteristic). 

Zinc  produces  at  first  an  azure  coloration,  which  subse- 
quently disappears,  ruthenium  being  deposited  at  the  same 
time  in  the  metallic  state. 

Nitrite  of  potassium  colors  the  solution  yellow,  with  the 
formation  of  a  double  salt,  which  is  readily  sol  able  in  water 
and  alcohol.  The  alkaline  solution  of  this  double  salt,  when 
mixed  with  a  little  colorless  sulphide  of  ammonium,  turns 
crimson  (characteristic)  ;  on  the  addition  of  more  sulphide  of 
ammonium,  sulphide  of  ruthenium  is  precipitated. 

Gold. 

Hydrosulphuric  acid  produces  in  cold  solutions  a  black  pre- 
cipitate of  sulphide  of  gold  (AugS^),  in  boiling  solutions  a 
brownish  precipitate  of  the  subsulphide  (Au^S).  The  precipi- 
tates are  insoluble  in  hydrochloric  and  in  nitric  acid,  but 
dissolve  in  aqua  regia.  They  are  insoluble  in  colorless  sul- 
phide of  ammonium,  but  soluble  in  yellow  sulphide  of  ammo- 
nium, and  more  readily  still  in  yellow  sulphide  of  sodium. 
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Sulphide  of  ammonium  precipitates  the  sulphide  of  gold. 

Ammonia  produces  in  concentrated  solutions  a  reddish- 
yellow  precipitate  of  aurate  of  ammonium  (fulminating  gold). 
The  more  acid  the  solution^  and  the  greater  the  excess  of 
ammonia,  the  more  gold  remains  in  solution. 

Ferrous  sulphate  precipitates  metallic  gold  in  the  form  of  a 
very  finely  divided  brown  powder.  The  fluid  in  which  the 
powder  is  suspended  appears  dark  blue  by  transmitted  light. 
The  dried  precipitate  shows  metallic  lustre  when  pressed  with 
the  blade  of  a  knife. 

Nitrite  of  potassium  precipitates  metallic  gold  from  highly 
dilute  solutions. 

Stannous  chloride^  mixed  with  stannic  chloride,  produces  in 
very  dilute  solutions  a  precipitate  which  varies  in  color,  and 
is  sometimes  purple  (purple  of  Cassius).  The  precipitate  is 
insoluble  in  hydrochloric  acid. 

Platinum. 

Hydrosulphuric  acid  throws  down,  after  the  lapse  of  some 
time,  a  dark  brown  precipitate  of  sulphide  of  platinum  (PtSg). 
If  the  solution  is  heated  after  the  addition  of  the  hydro- 
sulphuric  acid,  the  precipitate  forms  immediately.  It  dissolves 
in  a  great  excess  of  alkaline  sulphides,  especially  if  they  con- 
tain excess  of  sulphur.  Sulphide  of  platinum  is  insoluble  in 
hydrochloric  and  in  nitric  acid,  but  it  dissolves  in  aqua  regia. 

Sulphide  of  ammonium  produces  the  same  j)recipitate. 

Chloride  of  ammonium  produces,  in  solutions  of  chloride  of 
platinum,  a  yellow  crystalline  precipitate  of  (NHJg^^tClg,  which 
is  not  more  soluble  in  acids  than  in  water.  This  precipitate 
is  not  formed  in  dilute  solutions  until  the  fluid  is  evaporated  to 
dryness,  and  the  residue  is  treated  with  a  little  water  or  dilute 
spirit.  Upon  ignition  the  precipitate  leaves  spongy  platinum 
behind. 

Chloride  of  potassium  produces  in  solution  of  the  chloride  a 
yellow  crystalline  precipitate  of  K„PtClg,  which  has  the  same 
properties  as  the  analogous  ammonium  compound,  with  the 
exception  that  on  ignition  it  leaves  behind  platinum  and 
chloride  of  potassium.  The  decomposition  on  ignition  is  not 
complete,  unless  the  ignition  is  effected  in  a  current  of  hydro- 
gen^ or  with  the  addition  of  oxalic  acid. 
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Stannous  chloride  imparts  to  solutions  of  platinum  con- 
taining mucli  free  hydrochloric  acid  an  intensely  dark  brownish- 
red  color,  owing  to  the  reduction  of  the  chloride  of  platinum 
to  protochloride.    No  precipitate  is  formed. 

Ferrous  sulphate  does  not  precipitate  chloride  of  platinum 
except  upon  long-continued  boiling,  in  which  case  the  plati- 
num ultimately  suflPers  reduction. 

Xridium. 

Iridium  is  found  in  combination  with  platinum  and  other 
metals  in  platinum  ores^  but  more  especially  as  a  native  alloy 
of  osmium  and  iridium.    Iridium  resembles  platinum,  but  is 
brittle;  it  fuses  with  extreme  difficulty.     In  the  compact 
state,  or  reduced  at  a  red  heat  by  hydrogen,  it  dissolves  in  no 
acid,  not  even  in  aqua  regia  (here  it  differs  from  gold  and 
platinum)  ;  reduced  in  the  wet  way,  or  largely  alloyed  with 
platinum,  it  dissolves  in  aqua  regia  to  tetrachloride.  Acid 
sulphate  of  potassium  in  a  state  of  fusion  will  oxidize  but  not 
dissolve  it  (here  it  differs  from  rhodium).    It  oxidizes  by 
fusion  with  hydrate  of  sodium  with  access  of  air,  or  by  fusion 
with  nitrate  of  sodium.     The  compound  of  sesquioxide  of 
iridium  with  soda,  which  is  formed  in  this  process,  dissolves 
partially  in  water ;   by  heating  with  aqua  regia  it  gives  a 
dark  reddish  solution  of  tetrachloride  of  iridium  and  chloride 
of  sodium.     If  iridium  in  powder  is  mixed  with  chloride  of 
sodium,  heated  to  incipient  redness  and  treated  with  chlorine 
gas,  tetrachloride  of  iridium  and  chloride  of  sodium  is  formed, 
which  dissolves  in  water  to  a  deep  reddish-brown  fluid.  Potash 
added  in  excess  turns  the  color  greenish,  while  some  dark 
brown  tetrachloride  of  iridium   and  chloride  of  potassium 
(KglrClg)  falls.    If  the  solution  is  heated,  and  exposed  some 
time  to  the  air,  it  acquires  at  first  a  deep  reddish  tint,  which 
changes  afterwards  to  azure  (here  iridium  differs  from  plati- 
num) ;  if  the  solution  is  now  evaporated  to  dryness,  and  the 
residue  is  treated  with  water,  a  colorless  fluid  is  obtained,  while 
a  blue  deposit  of  binoxide  is  left  undissolved.     The  solution 
of  the  tetrachloride  gives  the  following  reactions  :  — 

Hydrosulphuric  acid  in  the  first  place  decolorizes  the  solu- 
tion, with  the  formation  of  bichloride,  sulphur  being  sepa- 
rated; finally  brown  sulphide  of  iridium  precipitates. 
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Sulphide  of  ammonium  produces  the  same  precipitate,  wliicli 
redissolves  readily  in  excess  of  tlie  precipitant. 

Chloride  of  potassium  precipitates  tetrachloride  of  iridium 
and  chloride  of  potassium  (KglrClg)  as  a  dark  brown  powder, 
insoluble  in  a  concentrated  solution  of  chloride  of  potassium. 

Chloride  of  ammonium  precipitates  from  concentrated  solu- 
tions tetrachloride  of  iridium  and  chloride  of  ammonium  in 
the  form  of  a  dark  red  powder,  consisting  of  microscopic 
octahedrons,  insoluble  in  concentrated  solution  of  chloride  of 
ammonium.  This  double  salt  (and  also  the  corresponding 
potassium  compound),  especially  when  in  hot  solution,  is 
turned  olive-green  by  nitrite  of  potassium,  owing  to  the 
formation  of  a  double  salt  of  the  terchloride  of  iridium,  which 
on  cooling  crystallizes  out ;  thus 

KglrClg  +  KNO2 = KglrClg  +  NO^. 

On  heating  or  evaporating  the  green  solution  with  an  excess 
of  nitrite  of  potassium  it  turns  yellow,  and  when  boiled  de- 
posits a  white  precipitate  which  is  hardly  soluble  in  water  and 
hydrochloric  acid.  (This  reaction  may  be  taken  advantage  of 
to  separate  the  metal  from  platinum.)  If  the  tetrachloride  of 
iridium  and  chloride  of  ammonium  is  dissolved  in  water  by 
hoiling,  and  oxalic  acid  is  added,  a  reduction  of  the  tetra- 
chloride to  terchloride  takes  place,  and  on  this  account  the 
solution  remains  clear  on  cooling  (here  iridium  differs  from 
platinum). 

If  stannous  chloride  is  added  and  the  solution  is  boiled, 
and  then  excess  of  potash  is  added  and  the  mixture  is  boiled 
again,  a  leather-colored  precipitate  is  formed. 

Ferrous  sulphate  decolorizes  the  solution,  but  does  not  pro- 
duce a  precipitate. 

Zinc  precipitates  black  metallic  iridium. 

Blolybdenum. 

Molybdenum  occurs  principally  as  sulphide  of  molybdenum, 
and  as  molybdate  of  lead.  It  is  tin-white  and  somewhat 
malleable ;  when  heated  in  the  air  it  oxidizes  ;  it  is  soluble  in 
nitric  acid  and  very  difficult  to  fuse.  The  protoxide  and  ses- 
quioxide  are  black,  the  binoxide  is  brown  ;  when  heated  in  the 
air  or  treated  with  nitric  acid  they  are  all  converted  into 
molybdic  anhydride  (M0O3).    The  latter  is  a  white  porous 
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mass_,  which  in  water  separates  into  fine  scales  ;  it  fases  at  a 
red  heat ;  in  close  vessels  it  volatilizes  only  at  a  very  high 
temperature ;  in  the  air  it  volatilizes  easily  at  a  red  heat^  sub- 
liming to  transparent  laminae  and  needles.  The  non-ignited 
anhydride  dissolves  in  acids_,  and  also  in  alkalies.  From  con- 
centrated solutions  in  alkalies  it  is  thrown  down  by  nitric 
acid  or  hydrochloric  acid^  but  redissolves  upon  further  addi- 
tion of  the  precipitant.  Molybdic  acid  gives  the  following  re- 
actions : — 

Hydro  sulphuric  acid,  when  passed  for  a  long  time  into  the 
warm  acidified  solution,  ultimately  precipitates  the  whole  of 
the  metal  as  brownish-black  tersulphide.  The  precipitate  is 
soluble  in  sulphides  of  the  alkali  metals,  and  is  reprecipitated 
on  addition  of  an  acid  and  heating.  When  ignited  in  the 
air,  or  heated  with  nitric  acid_,  it  is  converted  into  molybdic 
anhydride. 

Zinc  or  tin  added  to  the  acidified  solution  turns  it  first 
blue,  then  green,  and  ultimately  black,  with  separation  of 
protoxide  of  molybdenum. 

Ferrocyanide  of  potassium  produces  a  reddish-brown  pre- 
cipitate. 

Sulphocyanide  of  potassium,  if  added  to  the  solution  con- 
taining hydrochloric  acid,  produces  no  color  until  zinc  is  addedj 
.   when  the  fluid  becomes  crimson.     Phosphoric  acid  does  not 
destroy  the  color  (here  molybdenum  difi'ers  from  triad  iron) . 
On  shaking  the  red  fluid  with  ether,  the  latter  becomes  colored. 

For  the  deportment  with  phosphoric  acid  and  ammonia,  see 
p.  89. 

Telluriunii 

Tellurium  is  found  in  the  native  state,  or  alloyed  with  other 
metals,  or  as  tellurous  anhydride  (TeOo).  It  is  a  white, 
brittle,  readily  fusible  metal,  and  may  be  sublimed  in  a  glass 
tube.  Heated  in  the  air  it  burns  with  a  greenish-blue  flame, 
emitting  dense  white  fumes  of  tellurous  anhydride.  Tellurium 
is  insoluble  in  hydrochloric  acid,  but  dissolves  readily  in  nitric 
acid  to  tellurous  acid  (HgTeOg).  Tellurium  in  powder  dissolves 
in  cold  concentrated  sulphuric  acid  to  a  purple-colored  fluid, 
from  which  it  separates  again  upon  addition  of  water.  Tellurous 
anhydride  is  white ;  at  a  gentle  heat  it  fuses  to  a  yellow  fluid ; 
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it  is  volatilized  by  strong  ignition  in  the  air_,  but  does  not  form 
a  crystalline  sublimate .  It  dissolves  readily  in  hydrochloric 
acid^  sparingly  in  nitric  acid^  freely  in  potash,  slowly  in  am- 
monia, barely  in  water.  Tellurous  acid  is  white ;  it  is  per- 
ceptibly soluble  in  cold  water,  and  dissolves  in  hydrochloric 
and  in  nitric  acid.  By  fusing  tellurium  or  tellurites  with 
nitrates  and  carbonates  of  the  alkali  metals,  telluric  anhy- 
dride (TeOg)  is  formed,  and  the  fused  mass  is  soluble  in  water ; 
the  solution  remains  clear  upon  acidifying  with  hydrochloric 
acid  in  the  cold,  but  upon  boiling  chlorine  is  disengaged, 
tellurous  acid  is  formed,  and  the  solution  is  now  precipitated 
by  water  if  the  excess  of  acid  is  not  too  great.  If  tellurium, 
its  sulphide,  or  any  of  its  oxides  is  fused  with  cyanide  of  po- 
tassium in  a  current  of  hydrogen,  a  double  cyanide  of  tellurium 
and  potassium  is  formed  ;  the  fused  mass  dissolves  in  water, 
but  a  current  of  air  throws  down  from  the  solution  the  whole 
of  the  tellurium  (means  of  separating  tellurium  from  selenium.) 
By  fusing  tellurous  or  telluric  anhydride  with  carbonate  of 
potassium  on  charcoal,  telluride  of  potassium  is  formed,  which 
with  acids  evolves  stinking  telluretted  hydrogen  gas.  The 
solutions  of  tellurous  acid  give  the  following  reactions. 

Water  throws  down  the  acid.  From  the  nitric  acid  solution 
nearly  the  whole  of  the  tellurous  acid  separates  after  some 
time  as  a  crystalline  precipitate,  even  without  addition  of 
water. 

Hydrosulphuric  acid  produces  in  acid  solutions  a  brown 
precipitate  of  TeSg,  which  resembles  stannous  sulphide  in  color. 
It  is  freely  soluble  in  sulphide  of  ammonium. 

Potash  and  carbonate  of  sodium  throw  down  from  the  hydro- 
chloric acid  solution  a  white  precipitate  of  tellurous  acid 
soluble  in  excess  of  the  precipitants. 

Sulphite  of  sodium,  stannous  chloride^  and  zinc  throw  down 
black  metallic  tellurium. 

Selenium. 

Selenium  occurs  in  nature  in  the  form  of  metallic  selenides. 
It  is  found  occasionally  in  the  flue  dust  of  roasting  furnaces, 
and  also  in  Nordhausen  oil  of  vitriol.  It  resembles  sulphur 
in  some  respects  and  tellurium  in  others.  Fused  selenium  is 
greyish-black  ;  it  volatilizes  at  a  high  temperature,  and  may  be 
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sublimed.  Heated  in  the  air^  it  burns  to  selenious  anhydride 
(SeOg);  exhaling  a  characteristic  smell  of  decaying  horse- 
radish.    Concentrated  sulphuric  acid  dissolves  selenium  with- 

-k, 

out  oxidizing  it ;  upon  diluting  the  solution  the  selenium 
falls  down  in  red  flakes.  Nitric  acid  and  aqua  regia  dissolve 
selenium  to  selenious  acid  (HgSeOg).  Selenious  anhydride  is 
converted  at  about  200°  into  a  deep  yellow  gas^  which  recon- 
denses  in  the  form  of  white  four-sided  needles.  Both  the 
anhydride  and  acid  are  readily  soluble  in  water  to  a  strongly 
acid  fluid.  Of  the  neutral  selenites^  only  those  of  the  alkali 
metals  are  soluble  in  water.  All  selenites  dissolve  readily  in 
nitric  acid^  with  the  exception  of  the  selenites  of  lead  and 
silver^  which  dissolve  with  difficulty.  When  selenium  or  any 
of  its  compounds  is  heated  with  a  carbonate  and  nitrate  of  an 
alkali  metal^  a  seleniate  is  formed,  and  the  fused  mass  dis- 
solves in  water  ;  upon  acidifying  with  hydrochloric  acid,  the 
solution  remains  clear,  and  upon  then  boiling,  chlorine  is 
evolved  and  the  selenic  acid  is  reduced  to  selenious  acid.  By 
fusing  selenium  or  any  of  its  compounds  with  cyanide  of 
potassium  in  a  current  of  hydrogen,  a  double  cyanide  of 
selenium  and  potassium  is  formed,  from  which  the  selenium  is 
not  eliminated  by  the  action  of  the  air  (as  is  the  case  with 
tellurium)  ;  it  separates,  however,  upon  long-continued  boiling 
after  addition  of  hydrochloric  acid.  When  exposed  to  the 
reducing  flame  on  charcoal,  selenium  compounds  evolve  the 
odor  of  decaying  horse-radish  (most  characteristic).  Solutions 
of  selenites  show  the  following  reactions  : — 

Hydro  sulphuric  acid  produces  in  the  presence  of  hydrochloric 
acid  a  yellow  precipitate  which  upon  heating  turns  reddish 
yellow,  and  is  soluble  in  sulphide  of  ammonium.  It  is  doubt- 
ful whether  this  precipitate  is  a  sulphide  of  selenium. 

Stannous  chloride  and  sulphurous  acid  produce  in  acidified 
solutions  a  red  precipitate  of  selenium,  which  turns  grey  at 
high  temperatures. 

Chloride  of  barium  produces  in  neutral  solutions  a  white 
precipitate  of  selenite  of  barium,  soluble  in  hydrochloric  acid. 

Uranium. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende, 
uranochre,  &c.    It  forms  two  oxides,  the  uranous  (UO)^  and 
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the  uranic  (UgOg) .  The  uranous  oxide  is  brown^  and  dissolves 
in  nitric  acid  to  uranic  nitrate.  The  uranic  hydrate  is  yellow ; 
at  about  300°  it  loses  its  water  and  turns  red  ;  it  is  converted 
by  ignition  into  the  dark-green  urano-uranic  oxide.  Borax  dis- 
solves uranium  compounds  to  yellowish-green  or  green  beads. 
Solutions  of  uranium  show  the  following  reactions  : — 

Hydro  sulphuric  acid  fails  to  produce  a  precipitate. 

Sulphide  of  ammonium  produces  in  neutral  solutions  a  slowly 
subsiding  precipitate^  which  is  readily  soluble  in  acids^  even 
acetic  acid.  The  precipitation  is  promoted  by  chloride  of 
ammonium.  The  precipitate,  when  formed  in  the  cold,  is 
chocolate-brown,  and  contains  oxysulphide  of  uranium,  sul- 
phide of  ammonium,  and  water.  It  is  insoluble  in  yellow 
sulphide  of  ammonium;  but,  when  free  from  other  sulphides, 
it  dissolves  to  a  notable  extent  in  colorless  sulphide  of  am- 
monium, forming  a  black  fluid.  On  being  washed,  the  pre- 
cipitate is  gradually  converted  into  yellow  uranic  hydrate.  On 
warming  or  boiling  the  mixture  of  uranium  solution  and  sul- 
phide of  ammonium  the  oxysulphide  at  first  thrown  down 
splits  into  sulphur  and  black  uranous  oxide,  which  last  is  in- 
soluble in  the  excess  of  sulphide  of  ammonium.  The  oxy- 
sulphide of  uranium  (but  not  the  precipitate  which  has  been 
converted  into  uranous  oxide  and  sulphur)  dissolves  readily  in 
carbonate  of  ammonium.  (This  reaction  may  be  used  as  a 
means  of  separating  uranium  from  zinc,  manganese,  iron,  &c.) 
If  the  oxysulphide  remains  long  in  contact  with  the  fluid 
from  which  it  was  precipitated,  it  gradually  turns  blood  red. 

Ammonia  and  potash  produce  a  yellow  precipitate  of  uranic 
oxide  combined  with  alkali,  which  is  insoluble  in  excess  of  the 
precipitant. 

Carbonate  of  ammonium  produces  a  yellow  precipitate  of 
double  uranic  carbonate  with  ammonium  carbonate,  which 
readily  dissolves  in  excess  of  the  precipitant.  Potash  throws 
down  the  whole  of  the  uranium  from  a  solution  formed  in  this 
way. 

Carbonate  of  barium  precipitates  uranium  completely  in  the 
cold.  (Means  of  separating  the  metal  from  nickel,  cobalt, 
manganese,  and  zinc.) 

Ferrocyanide  of  potassium  produces  a  reddish-brown  preci- 
pitate.    (Very  sensitive  reaction.) 
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Indium. 

This  metal  has  been  found  in  the  blende  of  Freiberg^  and 
the  zinc  prepared  from  the  same.  The  oxide  is  straw-colored, 
it  does  not  color  the  borax  bead  ;  when  ignited  in  hydrogen 
or  with  charcoal,  it  is  readily  reduced,  and  if  a  flux  be  used 
metallic  globules  will  be  obtained.  The  ignited  oxide  dissolves 
slowly  in  acids  in  the  cold,  but  readily  in  the  heat.  The  salts 
are  colorless,  the  sulphate,  nitrate  and  chloride  dissolve  readily 
in  water.  The  chloride  is  volatile  and  hygroscopic.  Indium 
tinges  flame  bluish  violet.  The  spectrum  has  two  characteristic 
blue  lines.  With  the  chloride  the  lines  appear  brightest,  but 
they  are  very  transient.  For  obtaining  more  persistent  lines 
the  sulphide  is  the  most  suitable  compound. 

Hydro  sulphuric  acid  produces  no  precipitate  in  the  presence 
of  a  strong  acid.  From  a  solution  acidified  with  acetic  acid 
this  reagent  throws  down  sulphide  of  indium  in  the  form  of  a 
slimy  precipitate  of  a  fine  yellow  color.  Sulphide  of  indium 
is  insoluble  in  cold,  but  soluble  in  hot,  sulphide  of  ammonium  ; 
on  cooling  it  separates  from  the  solution  with  a  white  color. 

Sulphide  of  ammomum  added  to  a  solution  mixed  with 
tartaric  acid  and  ammonia  produces  a  white  precipitate  which 
probably  consists  of  sulphide  of  indium  and  hydrogen.  It 
turns  yellow  on  treatment  with  acetic  acid. 

Alkalies  throw  down  the  hydrate  in  the  form  of  a  white 
bulky  precipitate,  like  hydrate  of  aluminium,  which  is  com- 
pletely insoluble  in  potash  and  ammonia.  Tartaric  acid  pre- 
vents the  precipitation. 

Alkaline  carbonates  precipitate  a  white  gelatinous  carbonate. 
When  recently  thrown  down  the  precipitate  dissolves  in  car- 
bonate of  ammonium,  but  not  in  carbonate  of  potassium  or 
carbonate  of  sodium.  If  the  solution  in  carbonate  of  ammo- 
nium is  boiled,  the  carbonate  of  indium  separates  again. 

Phosphate  of  sodium  throws  down  a  white  bulky  precipitate. 

Alkaline  oxalates  produce  a  crystalline  precipitate. 

Acetate  of  sodium  added  to  the  nearly  neutral  solution  of  the 
sulphate  throws  down  on  boiling  a  basic  sulphate. 

Carbonate  of  barium  precipitates  the  whole  of  the  indium, 
on  digestion  in  the  cold.  (Means  of  separating  indium  from 
zinc,  manganese,  cobalt,  nickel,  and  dyad  iron.) 

Ferrocyanide  of  potassium  produces  a  white  precipitate. 
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Ferricyanide,  sulphocyanidey  and  chromate  of  potassium  pro- 
duce no  precipitate. 

Zinc  precipitates  the  metal  in  the  form  of  white  shining 
laminae. 

Beryllium. 

Beryllium  is  found  in  the  form  of  a  silicate  in  phenacite, 
and  with  other  silicates  in  beryl,,  euclase^  &c.  The  oxide  is  a 
white  tasteless  powder  insoluble  in  water.  After  ignition  it 
dissolves  slowly  but  completely  in  acids  ;  it  is  readily  soluble 
after  fusion  with  acid  sulphate  of  potassium.  The  hydrate 
dissolves  readily  in  acids.  The  compounds  of  beryllium  very 
much  resemble  the  aluminium  compounds.  The  soluble  salts 
have  a  sweet  astringent  taste.  The  native  silicates  are  com- 
pletely decomposed  by  fusion  with  carbonate  of  potassium  and 
sodium.  Oxide  of  beryllium  when  fused  with  two  parts  of 
acid  fluoride  of  potassium,  dissolves  in  water  acidified  with 
hydrofluoric  acid.  (This  reaction  serves  as  a  means  of 
separating  beryllium  from  aluminium,  for  when  alumina  is 
similarly  treated  it  remains  insoluble  as  fluoride  of  aluminium 
and  potassium.)  The  solutions  of  beryllium  salts  show  the 
following  reactions  : — 

Ammonia  and  sulphide  of  ammonium  throw  down  white 
flocculent  hydrate,  which  is  insoluble  in  ammonia.  Upon 
continued  ebullition  with  chloride  of  ammonium,  the  freshly 
precipitated  hydrate  dissolves  as  chloride  of  beryllium  with 
expulsion  of  ammonia.  (Here  the  metal  diff'ers  from  alumi- 
nium.) 

Potash  throws  down  the  hydrate,  which  dissolves  in  excess 
of  the  precipitant.  From  this  solution  it  is  reprecipitated  by 
chloride  of  ammonium.  The  concentrated  solution  in  potash 
remains  clear  on  boiling ;  from  a  dilute  solution  in  potash  the 
whole  of  the  beryllium  separates  upon  continued  ebullition. 
(Here  the  metal  dififers  from  aluminium.) 

Carbonate  of  sodium  and  carbonate  of  ammonium  precipitate 
white  carbonate  of  beryllium,  which  redissolves  in  a  large 
excess  of  the  former  and  in  a  much  less  considerable  excess  of 
the  latter.  (Most  characteristic  difi'erence  between  this  metal 
and  aluminium.)  Upon  boiling  these  solutions,  basic  car- 
bonate of  beryllium  separates,  readily  and  completely  from  the 
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solution  in  carbonate  of  ammonium_,  but  only  upon  dilution 
and  imperfectly  from  tbe  solution  in  carbonate  of  sodium. 

Carbonate  of  barium  precijDitates  beryllium  incompletely  in 
the  cold,  completely  upon  boiling. 

Oxalic  acid  and  oxalate  of  ammonium  do  not  precipitate 
beryllium.  (Here  it  differs  from  thorium,  zirconium,  yttrium, 
erbium,  terbium,  cerium,  lanthanium,  and  didymium.) 

Thorium. 

This  metal  is  found  in  thorite  and  monacite.  The  oxide  is 
white.  The  ignited  oxide  is  soluble  upon  heating  with  a 
mixture  of  equal  parts  of  strong  sulphuric  acid  and  water;  it 
is  not  soluble  in  other  acids,  even  after  it  has  been  fused  with 
alkalies.  The  moist  hydrate  dissolves  readily  in  acids,  the 
dried  hydrate  only  with  difficulty.  When  chloride  or  nitrate 
of  thorium  are  evaporated  with  hydrochloric  or  nitric  acid 
respectively,  the  salts  are  left  in  a  varnish-like  form,  and  dis- 
solve at  once  in  water  completely.  Hydrochloric  and  nitric 
acids  precipitate  from  such  solutions  chloride  or  nitrate  of 
thorium ;  even  sulphuric  acid  may  produce  a  precipitate  in  the 
solutions.  Chloride  of  thorium  is  not  volatile.  Thorite  (sili- 
cate of  thorium)  is  decomposed  by  strong  hydrochloric  acid. 
The  solutions  of  thorium  salts  give  the  following  reactions  : — 

PotasJi,  ammonia  and  sulphide  of  ammonium  precipitate  the 
hydrate,  which  is  insoluble  in  excess  of  either  reagent,  even  of 
potash.     (Here  the  metal  differs  from  beryllium.) 

Carbonate  of  sodium  and  carbonate  of  ammonium  precipitate 
basic  carbonate  of  thorium,  which  readily  dissolves  in  excess 
of  the  precipitant  in  concentrated  solutions,  but  dissolves  with 
difficulty  in  dilute  solutions.  (Here  the  metal  differs  from 
aluminium.)  From  the  *  solution  in  carbonate  of  ammonium, 
basic  salt  separates  again,  even  at  50°. 

Carbonate  of  barium  precipitates  thorium  completely. 

Hydrofluoric  acid  precipitates  the  fluoride  which  at  first 
appears  gelatinous,  but  after  a  little  while  pulverulent.  The 
precipitate  is  insoluble  in  water  and  hydrofluoric  acid.  (Here 
the  metal  differs  from  aluminium,  beryllium,  zirconium,  and 
titanium.) 

Oxalic  acid  produces  a  white  precipitate  (here  the  metal 
differs  from  beryllium  and  aluminium).    The  precipitate  does 


168     REACTIONS  AND  SEPARATION  OF  RARE  INORGANIC  BODIES. 

not  dissolve  in  oxalic  acid  nor  in  dilute  mineral  acids,  bnt  it 
does  dissolve  in  a  solution  of  acetate  of  ammonium  containing 
free  acetic  acid.  (Here  the  metal  differs  from  yttrium  and 
cerium.) 

Sulphate  of  potassium  in  concentrated  solution  precipitates 
thorium  slowly  but  completely  (here  the  metal  differs  from 
aluminium  and  beryllium.)  The  precipitate  consists  of  sul- 
phate of  potassium  and  thorium ;  it  is  insoluble  in  concen- 
trated solution  of  sulphate  of  potassium ;  it  dissolves  with 
difficulty  in  cold  and  also  in  hot  water,  but  readily  on  addi- 
tion of  some  hydrochloric  acid.  On  heating  the  neutral 
solution  in  cold  water_,  sulphate  of  thorium  separates  in  the 
form  of  a  heavy  white  curdy  precipitate.  (Here  the  metal 
difiFers  from  aluminium  and  beryllium.)  This  precipitate  re- 
dissoJves  in  cold  water  (in  which  it  differs  from  titanic  acid). 

Hyposulphite  of  sodium  precipitates  from  neutral  or  slightly 
acid  solutions  on  boiling  hyposulphite  of  thorium  mixed  with 
sulphur ;  the  precipitation,  however,  is  not  quite  complete. 
(Here  the  metal  differs  from  yttrium,  erbium,  terbium,  and 
didymium.) 

Zirconium. 

This  metal  is  found  in  zircon  and  other  rare  minerals. 
The  oxide  is  a  white  powder,  insoluble  in  hydrochloric  acid  ; 
after  continued  heating  with  a  mixture  of  two  parts  of  strong 
sulphuric  acid  and  one  of  water  it  dissolves  in  water.  The 
hydrate  resembles  hydrate  of  aluminium ;  it  dissolves  readily 
in  hydrochloric  acid  when  precipitated  cold,  and  still  moist, 
but  with  difficulty  when  precipitated  hot,  or  after  drying. 
The  native  silicates  are  decomposed  by  fusion  with  four  parts 
of  carbonate  of  sodium ;  the  fused  mass  gives  to  water  silicate 
of  sodium,  a  sandy  zirconate  of  sodium  being  left  behind, 
which,  after  washing,  dissolves  in  hydrochloric  acid.  Zircon 
may  easily  be  decomposed  by  fusion  with  acid  fluoride  of 
potassium  at  a  red  heat,  fluosilicate  of  potassium  and  double 
fluoride  of  zirconium  and  potassium  being  produced.  The 
solutions  of  zirconium  salts  give  the  following  reactions  : — 

Potash,  ammonia  and  sulphide  of  ammonium  precipitate  a 
flocculent  hydrate,  which  is  insoluble  in  excess   of  either 
'precipitant,  even  of   potash   (here  zirconium  differs  from 
aluminium  and  beryllium)  and  is  not  dissolved  by  boiling 
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solution  of  chloride  of  ammonium  (here  the  metal  differs  from 
beryllium) . 

Carbonate  of  sodium  and  carbonate  of  ammonium  throw  down 
carbonate  of  zirconium  as  a  flocculent  precipitate,  which  re- 
dissolves  in  a  large  excess  of  carbonate  of  sodium,  and  more 
readily  in  excess  of  carbonate  of  ammonium  (here  the  metal 
differs  from  aluminium).  On  boiling  the  carbonate  of 
ammonium  solution,  the  zirconium  is  reprecipitated. 

Oxalic  acid  produces  a  bulky  precipitate  of  oxalate  of 
zirconium  (here  the  metal  differs  from  aluminium  and 
beryllium).  The  precipitate  is  insoluble  in  oxalic  acid,  but 
soluble  in  hydrochloric  acid  (here  the  metal  differs*  from 
thorium). 

Sulphate  of  potassium  in  concentrated  solution  speedily 
produces  a  white  precipitate  of  sulphate  of  zirconium  and 
potassium,  which  is  insoluble  in  excess  of  the  precipitant 
(here  the  metal  differs  from  aluminium  and  beryllium).  The 
precipitate,  if  thrown  down  in  the  cold,  dissolves  readily  in  a 
large  quantity  of  hydrochloric  acid;  if  thrown  down  in  the 
heat,  it  is  almost  absolutely  insoluble  in  water  and  in  hydro- 
chloric acid  (here  the  metal  differs  from  thorium  and  cerium.) 

Carbonate  of  barium  does  not  precipitate  zirconium  com- 
pletely, even  upon  boiling. 

Hydrofluoric  acid  produces  no  precipitate  (here  the  metal 
differs  from  thorium  and  yttrium). 

Hyposulphite  of  sodium  produces  a  precipitate  (here  the 
metal  differs  from  yttrium,  terbium,  erbium  and  didymium). 

Turmeric  paper  dipped  into  a  solution  slightly  acidified  with 
hydrochloric  or  sulphuric  acid,  acquires  a  reddish-brown  color 
after  drying  (here  the  metal  differs  from  thorium) . 

Yttrium. 

This  metal  is  found  in  gadolinite,  ortliite,  yttro-tantalite. 
The  ignited  oxide  dissolves  readily  in  hydrochloric  acid  (here 
the  metal  differs  from  zirconium  and  thorium).  The  ignited 
oxide  is  yellowish-white  when  pure ;  when  it  contains  erbium  and 
terbium  oxides  it  is  brownish-yellow;  when  it  contains  didymium 
it  is  light  chocolate  color.  The  hydrate  is  pasty  and  white, 
without  the  slightest  tinge  of  red,  it  attracts  carbonic  acid,  and 
dissolves,  when  fresh,  in  boiling  chloride  of  ammonium  (here  the 
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metal  differs  from  alTiminium  and  zirconium).  The  crystallized 
salts  containing  water  are  bright  red^  the  anhydrous  salts  are 
white  and  have  a  sweet  astringent  taste.  Anhydrous  chloride 
of  yttrium  is  not  volatile  (here  the  metal  differs  from  aluminium, 
beryllium  and  zirconium).  Yttrium  compounds  give  a  clear 
colorless  bead  with  borax  in  both  the  outer  and  inner  flame 
(here  the  metal  differs  from  cerium  and  didymium.)  The 
solutions  of  the  salts  exhibit  the  following  reactions. 

Ammonia  and  sulphide  of  ammonium  precipitate  the  hydrate. 
Presence  of  a  small  quantity  of  chloride  of  ammonium  does 
not  interfere  with  the  precipitation  by  sulphide  of  ammonium, 
but  a  large  excess  of  chloride  of  ammonium  prevents  the 
precipitation. 

Potash  produces 'the  same  precipitate,  which  is  insoluble  in 
excess  of  the  precipitant  (here  the  metal  differs  from  aluminium 
and  beryllium). 

Carbonate  of  potassium  produces  a  precipitate  which  dissolves 
with  difficulty  in  excess  of  the  reagent. 

Carbonate  of  ammonium  produces  a  precipitate  which  is 
soluble  in  excess  of  the  precipitant,  but  by  no  means  so  readily 
as  the  corresponding  beryllium  precipitate.  The  solution  of 
the  hydrate  in  carbonate  of  ammonium  deposits  the  whole  of 
the  yttrium  on  boiling ;  if  chloride  of  ammonium  is  present  at 
the  same  time,  this  is  decomposed  upon  continued  heating,  with 
separation  of  ammonia,  and  the  precipitated  oxide  of  yttrium 
redissolves  as  chloride.  Saturated  solutions  of  carbonate  of 
yttrium  in  carbonate  of  ammonium  have  a  tendency  to  deposit 
carbonate  of  yttrium  and  ammonium,  which  should  be  borne  in 
mind. 

Oxalic  acid  produces  a  white  precipitate  (here  the  metal 
differs  from  aluminium  and  beryllium).  The  precipitate  does 
not  dissolve  in  oxalic  acid,  it  dissolves  with  difficulty  in 
hydrochloric  acid,  and  it  is  partially  dissolved  by  boiling  with 
oxalate  of  ammonium. 

Sulphate  of  potassium  precipitates  sulphate  of  yttrium  and 
potassium.  The  precipitate,  even  if  thrown  down  hot,  dissolves 
though  slowly,  in  a  large  quantity  of  water  (here  the  metal 
differs  from  zirconium) ;  on  heating  this  solution  the  sulphate  of 
yttrium  separates.  The  sulphate  of  yttrium  and  potassium 
dissolves  a  little  more  readily  in  sulphate  of  potassium  than  in 
water  (here  the  metal  differs  from  thorium,  cerium,  and 
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didymium)  ;  it  dissolves  still  more  readily  in  solutions  of 
ammonium  salts. 

Carbonate  of  barium  produces  no  precipitate  even  upon  boil- 
ing (here  the  metal  differs  from  beryllium^  thorium^  cerium^ 
and  didymium) . 

Hydrofluoric  acid  produces  a  precipitate  (here  the  metal 
differs  from  aluminium^  beryllium^  zirconium^  titanium) .  The 
precipitate  is  gelatinous^  insoluble  in  water  and  hydrofluoric 
acid ;  before  ignition  it  will  dissolve  in  mineral  acids_,  after 
ignition  it  is  decomposed  only  by  strong  sulphuric  acid. 

Hyposulphite  of  sodium  does  not  precipitate  yttrium.  (Here 
the  metal  differs  from  aluminium_,  thorium_,  zirconium, 
titanium.) 

Tartaric  acid  does  not  prevent  the  precipitation  by  alkalies. 
(Here  the  metal  differs  from  aluminium,  beryllium,  thorium, 
zirconium.)  It  precipitates  tartrate  of  yttrium.  The  precipi- 
tation frequently  does  not  take  place  at  once,  but  when  it 
does  take  place  it  is  complete. 

A  cold  saturated  solution  of  the  sulphate  becomes  turbid 
when  heated  to  between  30°  and  40°  ;  on  boiling  almost  the 
whole  of  the  salt  separates. 

Turmeric  paper  is  not  altered  by  the  acidified  solution  of 
the  salts.     (Here  the  metal  differs  from  zirconium.) 

Terbium  and  Erbium.^ 

These  metals  usually  accompany  yttrium.  On  gradually 
adding  ammonia  to  a  solution  containing  the  three  metals,  the 
erbium  is  first  precipitated,  then  the  terbium,  and  then  the 
yttrium.  Delafontaine  separates  the  erbium  by  fractional 
precipitation  with  binoxalate  of  potassium  frequently  repeated, 
and  subsequent  ignition,  thus  obtaining  a  mixture  of  oxide  of 
erbium,  with  small  quantities  of  oxide  of  terbium,  and  still 
smaller  quantities  of  oxide  of  yttrium.  This  mixture  he  dis- 
solves in  nitric  acid,  saturates  hot  with  sulphate  of  potassium, 
and  obtains  a  precipitate  of  sulphate  of  erbium  and  potassium, 
which,  although  soluble  in  hot  water,  is  not  soluble  in  a 

*  Popp  considers  these  metals  to  be  mixtures  of  yttrium  with  cerium 
and  didymium.  Delafontaine,  however,  defends  Mosander's  view,  that 
they  are  distinct  metals.  (Ann.  d.  Chem.  u.  Pharm.,  131,  182  ;  134, 
113;  135,188.) 
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saturated  solution  of  sulphate  of  potassium.  After  this  pre- 
cipitate has  been  removed  the  terbium  and  yttrium  may  be 
separated  by  taking  advantage  of  the  fact  that  oxalate  of 
terbium  and  potassium  is  more  difficultly  soluble  in  dilute 
sulphuric  acid  than  the  oxalate  of  yttrium  and  potassium. 

Erbium. 

The  oxide  of  erbium^  obtained  by  igniting  the  hydrate  or 
nitrate^  is  dark-yellow^  often  tending  to  orange-yellow^  and 
heavy;  that  obtained  by  igniting  the  oxalate  is  pale-yellow, 
and  finely  pulverulent.  By  long  ignition  in  closed  vessels  it 
becomes  white,  losing  a  small  quantity  of  oxygen.  In 
strong  acids  it  is  slowly  soluble  with  evolution  of  a  little 
oxygen.  The  hydrate  precipitated  hot  by  excess  of  alkali  is 
white,  gelatinous,  and  attracts  carbonic  acid  from  the  air  ;  it 
decomposes  ammonium  salts  in  the  heat,  and  readily  dissolves 
in  dilute  acids ;  the  salts  are  red.  The  basic  nitrate  is  dark- 
yellow  (difference  from  didymium).  Erbium  salts  give,  with 
borax  and  microcosmic  salt,  clear,  colorless  beads  (ditference 
from  cerium  and  didymium).  Hyposulphite  of  sodium  does 
not  precipitate  erbium  solutions.  A  cold  saturated  solution 
of  binoxalate  of  potassium  gives,  with  erbium  solutions,  after 
some  time,  a  crystalline  precipitate.  With  regard  to  the 
spectroscopic  reactions,  see  Delafontaine  ("  Ann.  d.  Chem.  u. 
Pharm./^  135,  191). 

Terbium. 

Oxide  of  terbium  is  yellow,  soluble  in  acids  after  strong 
ignition ;  the  hydrate  is  a  white  gelatinous  precipitate,  re- 
maining white  on  drying.  Oxide  of  terbium  expels  ammonia 
from  its  salts  even  in  the  cold,  more  easily  when  heat  is 
applied.  The  salts  of  terbium  are  colored  darker  than  those 
of  erbium.  The  solution  of  nitrate  of  terbium  is  pink,  when 
concentrated  darker,  but  without  the  slightest  tinge  of  violet 
(difference  from  didymium).  Terbium  behaves  like  erbium 
with  borax,  microcosmic  salt,  hyposulphite  of  sodium,  and 
binoxalate  of  potassium.  As  regards  the  spectroscopic  reac- 
tions see  Delafontaine  (^'^Ann.  d.Chem.  u.  Pharm.^^  135^  195). 
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Cerium 

Occurs  in  cerite,  orthite^  &c.  There  are  three  oxides — the 
protoxide  (cerous  oxide);,  the  sesqnioxide  (eerie  oxide) ^  and  the 
peroxide.  The  cerous  hydrate  is  whitC;,  and  turns  yellow  in 
the  air  from  absorption  of  oxygen,  by  ignition  in  the  air  it 
turns  orange  color  or  red  and  is  converted  into  eerie 
oxide.  The  cerous  hydrate  is  readily  soluble  in  acids^  the 
ignited  eerie  oxide,  when  it  contains  lanthanium  and  didy- 
mium  oxide,  dissolves  readily  in  hydrochloric  acid  with  evo- 
lution of  chlorine,  when  pure  it  scarcely  at  all  dissolves  in 
boiling  hydrochloric  acid,  but  it  does  dissolve  on  addition  of 
alcohol  (difference  from  thorium  and  zirconium) ;  the  solutions 
contain  cerous  chloride.  The  eerie  oxide  dissolves  in  concen- 
trated sulphuric  acid,  although  with  difficulty;  it  is  hardly 
attacked  by  nitric  acid.  The  eerie  oxide  obtained  from  the 
oxalate  when  evaporated  with  nitric  acid  yields  a  basic  salt, 
which  gives  an  emulsion  with  water,  and  is  not  completely 
soluble  in  very  considerable  quantities  of  water  (difference  from 
alumina).  The  cerous  salts  are  colorless,  occasionally  with  a 
tinge  of  amethyst ;  the  soluble  salts  redden  litmus.  Cerous 
chloride  is  non- volatile  (difference  from  aluminium,  beryllium, 
and  zirconium).  The  sulphate  deposits  a  precipitate  on  solution 
in  boiling  water.  Cerite  is  a  hydrous  silicate  of  cerous  oxide, 
lanthanium  oxide,  and  didymium  oxide,  it  does  not  dissolve  in 
aqua  regia,  but  is  decomposed  by  fusion  with  carbonate  of 
sodium,  and  is  also  decomposed  by  concentrated  sulphuric  acid. 

The  cerous  salts  show  the  following  reactions  : — 

Ammonia  precipitates  basic  salt  insoluble  in  excess  of  the 
precipitant.  Tartaric  acid  prevents  the  precipitation  (here  the 
metal  differs  from  yttrium). 

Potash  precipitates  white  hydrate,  which  becomes  yellow  in 
the  air.  It  is  insoluble  in  excess  of  the  precipitant  (here  the 
metal  differs  from  aluminium  and  beryllium).  Tartaric  acid 
does  not  interfere  with  the  precipitation. 

Carbonate  of  potassium  produces  a  white  precipitate,  slightly 
soluble  in  excess  of  the  precipitant. 

Carbonate  of  ammonium  produces  a  white  precipitate,  rather 
soluble  in  excess  of  the  precipitant. 

Oxalic  acid  precipitates  the  cerium  completely,  even  from 
moderately  acid  solutions  (here  the  metal  differs  from  aluminium 
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and  beryllmm).  The  precipitate  does  not  dissolve  in  oxalic 
acid,  but  it  is  soluble  in  a  large  quantity  of  hydrochloric  acid. 

Carbonate  of  barium  throws  down  the  cerium  completely  on 
standing. 

Hyposulphite  of  sodium  does  not  precipitate  cerium even  on 
boiling  with  very  concentrated  solutions.  The  precipitated 
sulphur  only  carries  down  traces  of  the  salt  with  it. 

A  saturated  solution  of  sulphate  of  potassium  precipitates, 
even  from  somewhat  acid  solutions,  white  cerous  potassic 
sulphate  (here  the  metal  differs  from  aluminium  and  be- 
ryllium), which  is  difficultly  soluble  in  cold  water,  readily 
soluble  in  hot  water,  and  insoluble  in  a  saturated  solution  of 
sulphate  of  potassium  (here  the  metal  differs  from  yttrium). 
The  precipitate  may  be  dissolved  by  boiling  with  much  water 
containing  hydrochloric  acid. 

If  we  conduct  chlorine  through  a  cerous  solution,  not  too 
acid  and  mixed  with  acetate  of  sodium,  or  if  we  add  chloride  of 
soda  to  such  a  solution,  all  the  cerium  is  precipitated  as  light 
yellow  peroxide  (free  from  didymium  and  lanthanium). 

If  a  cerous  salt  be  dissolved  in  nitric  acid,  with  addition  of 
an  equal  volume  of  water,  and  if  a  small  quantity  of  binoxide 
of  lead  be  added,  and  the  liquid  be  boiled  for  some  minutes,  the 
solution  turns  yellow,  even  if  only  small  quantities  of  cerium 
be  present.  On  evaporating  this  solution  to  dryness,  heating 
the  residue  till  a  portion  of  the  acid  escapes,  and  treating  it 
with  water  acidified  with  nitric  acid,  no  cerium  will  be  dis- 
solved, but  any  didymium  and  lanthanium  present  will  be 
dissolved. 

Solutions  of  eerie  salts  are  precipitated  in  the  cold  by  car- 
bonate of  barium. 

Hyposulphite  of  sodium  precipitates  a  solution  of  eerie 
nitrate. 

Xianthanium. 

This  metal  is  generally  associated  with  cerium.  The  oxide 
is  white,  and  remains  unaltered  by  ignition  in  the  air  (here  it 
differs  from  cerous  oxide) .  The  oxide  when  brought  into  con- 
tact with  water  is  converted  into  a  milk-white  hydrate ;  with 
cold  water  the  conversion  is  slow^  with  hot  water  rapid.  The 
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oxide  and  hydrate  color  litmus  blue ;  they  dissolve  in.  boiling 
solution  of  chloride  of  ammonium,  and  also  in  dilute  acids 
(here  lanthanium  resembles  magnesium).  The  salts  are  color- 
less ;  the  saturated  solution  of  the  sulphate  in  cold  water 
deposits  a  portion  of  the  salt  even  at  30°  (here  the  metal 
differs  from  cerium).  The  solutions  of  lanthanium  show  the 
following  reactions  : — 

Ammonia  precipitates  basic  salts^  which  pass  milky  through 
the  filter  on  washing. 

Potash  precipitates  the  hydrate,  which  is  insoluble  in  excess 
of  the  precipitant,  and  does  not  turn  brown  in  the  air. 

Carbonate  of  ammonium  produces  a  precipitate  which  is 
insoluble  in  excess  of  the  precipitant  (here  the  metal  differs 
from  cerium). 

Sulphate  of  potassium,  oxalic  acid,  and  carbonate  of  barium 
give  the  same  reactions  as  with  cerous  salts. 

If  a  cold  dilute  solution  of  acetate  of  lanthanium  is  super- 
saturated with  ammonia,  the  slimy  precipitate  repeatedly 
washed  with  cold  water,  and  a  little  powdered  iodine  added,  a 
blue  coloration  makes  its  appearance,  which  gradually  per- 
vades the  whole  mixture. 

Didymium. 

This  metal  is  also  associated  with  cerium.  The  oxide  when 
brought  into  contact  with  water  is  slowly  converted  into  hydrate, 
it  rapidly  attracts  carbonic  acid,  its  reaction  is  not  alkaline, 
it  dissolves  readily  in  acids.  The  concentrated  solutions  have 
a  reddish  or  faint  violet  color.  The  nitrate,  on  heating,  is 
first  converted  into  a  basic  salt  (here  the  metal  differs  from 
lanthanium),  which  is  grey.  The  chloride  is  non-volatile. 
The  saturated  solution  of  the  sulphate  deposits  salt,  not  at  30°, 
but  upon  boiling.  Didymium  oxide  gives  with  borax  in  both 
flames  a  nearly  colorless  bead.  Microcosmic  salt  dissolves  the 
oxide  in  the  reducing  flame  to  an  amethyst-red  bead,  inclining 
to  violet.  With  carbonate  of  sodium  in  the  outer  flame  we 
obtain  a  greyish-white  bead  (here  the  metal  differs  from  man- 
ganese). For  the  spectroscopic  reactions  see  Erdmann  Journ. 
f.  Prakt.  Chem.,''  85,  395  ;  and  Delafontaine  "  Ann.  d.  Chem. 
u.  Pharm.,^'  135,  195.  The  solutions  of  didymium  show  the 
following  reactions. 
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Ammonia  precipitates  a  basic  salt^  which  is  insoluble  in 
ammonia,  but  slightly  soluble  in  chloride  of  ammonium. 

Potash  precipitates  the  hydrate,  which  is  insoluble  in  excess 
of  the  precipitant,  and  does  not  alter  in  the  air. 

Carbonate  of  sodium  and  carbonate  of  ammonium  produce  a 
copious  precipitate,  which  is  insoluble  in  excess  of  the  pre- 
cipitant, even  in  excess  of  carbonate  of  ammonium  (here  the 
metal  differs  from  cerium),  but  dissolves  slightly  in  concen- 
trated solution  of  chloride  of  ammonium. 

Carbonate  of  barium  precipitates  didj^mium  slowly  (more 
slowly  than  cerium  and  lanthanium),  and  ncA^er  completely. 

Oxalic  acid  precipitates  didymium  almost  completely ;  the 
precipitate  is  difficultly  soluble  in  cold  hydrochloric  acid,  but 
it  dissolves  in  this  acid  upon  application  of  heat. 

Sulphate  of  potassium  in  concentrated  solution  precipitates 
didymium  solutions  more  slowly  and  less  completely  than 
ccrous  solutions.  The  precipitate  is  insoluble  in  sulphate  of 
potassium,  and  also  in  water ;  but  it  is  soluble,  though  with 
difficulty,  in  hot  hydrochloric  acid. 

Hyposulphite  of  sodium  produces  no  precipitate. 


For  the  separation  of  cerium  from  lanthanium  and  didymium, 
one  of  the  following  methods  may  be  used : — a.  Nearly 
neutralize  the  solution  of  the  three  metals  if  acid,  without 
allowing  any  permanent  precipitate  to  form,  add  a  sufficient 
quantity  of  acetate  of  sodium  and  an  excess  of  chloride  of  soda, 
and  boil ;  the  cerium  will  fall  as  peroxide,  while  lanthanium 
and  didymium  remain  in  solution.  (Popp,  Ann.  d.  Chem.  u. 
Pharm.,^^  131,  360.)  b.  Precipitate  the  metals  with  potash, 
wash,  suspend  the  precipitate  in  potash,  and  pass  chlorine. 
Lanthanium  and  didymium  dissolve ;  the  peroxide  of  cerium 
remains  behind.  (Damour  and  St.  Claire  Deville,  "  Compt. 
Rend.,^^  59,  272.)  c.  Dissolve  in  a  large  excess  of  nitric  acid ; 
boil  with  peroxide  of  lead ;  evaporate  the  orange-colored  solu- 
tion to  dryness,  and  heat  the  residue  till  a  portion  of  the  acid 
escapes;  treat  with  water  acidulated  with  nitric  acid,  and 
separate  the  insoluble  basic  eerie  nitrate  from  the  solution 
which  contains  all  the  lanthanium  and  didymium.  (Gibbs, 
Zeitschr.  f.  anal.  Chem./^  3^  396.)    In  using  the  last  method. 
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before  proceeding  with  the  residue  or  solution^  the  lead  must 
be  first  separated  by  sulphuretted  hydrogen. 

From  the  solution  of  lanthanium  and  didymium  obtained  by 
one  or  other  of  the  above  methods_,  the  metals  are  precipitated 
with  oxalate  of  ammonium_,  the  oxalates  are  ignited,  and  the 
oxides  thus  obtained  are  treated  with  dilute  nitric  acid.  If 
the  separation  of  cerium  was  incomplete,  the  remainder  of  the 
cerium  will  here  remain  behind.  The  solution  is  evaporated 
in  a  dish  with  a  flat  bottom  to  dryness  and  heated  to 
400 — 500°.  The  salts  fuse ;  nitrous  fumes  escape.  The  residue 
is  treated  with  hot  water,  which  dissolves  the  nitrate  of  lan- 
thanium, leaving  behind  grey  basic  nitrate  of  didymium. 
By  a  repetition  of  the  evaporation,  &c.,  the  two  metals 
may  be  satisfactorily  separated.  (Damour  and  St,  Claire 
DeviUe.) 

Titanium. 

There  are  two  oxides  of  titanium — oxide  of  titanium  and 
titanic  anhydride.  The  latter  is  more  frequently  met  with  in 
analysis.  Titanic  anhydride  is  found  in  the  free  state  in  r utile 
and  anatase,  and  in  combination  in  titanite,  titaniferous  iron, 
&c. ;  it  is  also  found  in  small  quantities  in  many  iron  ores,  in 
clays,  in  silicates  generally,  and  in  blast-furnace  slags.  The 
small  copper-colored  cubes  which  are  occasionally  found  in 
such  slags  consist  of  cyanide  and  nitride  of  titanium.  Titanic 
anhydride  when  feebly  ignited  is  white  ;  very  intense  ignition 
gives  a  yellowish  or  brownish  tint  to  it ;  it  is  infusible  and  in- 
soluble in  water;  its  density  varies  between  3'9  and  4-25. 
Ignited  titanic  anhydride  is  insoluble  in  acids,  except  the 
hydrofluoric  and  the  strong  sulphuric  acid.  If  the  solution  in 
hydrofluoric  acid  is  evaporated  with  addition  of  sulphuric  acid, 
no  fluoride  of  titanium  will  volatilize.  (Here  titanic  anhydride 
differs  from  silicic  anhydride.)  When  titanic  anhydride  is 
fused  for  a  long  time  with  acid  sulphate  of  potassium,  a  clear 
mass  is  obtained,  which  dissolves  in  a  large  proportion  of  cold 
water  to  a  clear  fluid.  (Hydrous)  titanic  acid  dissolves  when 
moist  and  when  dried  without  heat,  in  dilute  acids,  especially 
in  hydrochloric  and  sulphuric  acids.  If  titanic  anhydride  is 
fused  with  potash,  and  the  fused  mass  is  treated  with  water, 
the  solution  will  contain  a  little  titanic  acid.  When  titanic 
anhydride  is  fused  with  the   carbonates  of  potassiimi  and 
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sodium,  carbonic  acid  is  expelled,,  and  upon  treating  the  fused 
mass  with  water,  alkali  and  alkaline  carbonate  are  dissolved, 
while  acid  titanate  of  alkali  metal  is  left  behind  and  may  be 
dissolved  in  hydrochloric  acid.  Titanic  anhydride  mixed  with 
charcoal  and  heated  in  a  current  of  chlorine  gives  tetrachloride 
of  titanium  as  a  volatile  liquid  emitting  copious  fumes  in  the 
air.  Microcosmic  salt  readily  dissolves  titanic  anhydride  in 
the  outer  flame  to  a  clear  bead,  colorless  when  cold ;  on  ex- 
posure to  the  reducing  flame,  with  addition  of  a  little  ferrous 
sulphate,  the  bead  acquires  a  blood-red  color.  Solutions  of 
titanic  acid  in  hydrochloric  or  sulphuric  acid  show  the 
following  reactions : — 

When  the  solution  (especially  the  solution  in  sulphuric 
acid)  is  subjected  in  a  highly  dilute  state  to  long-continued 
boiling,  the  titanic  acid  is  separated  as  a  white  powder,  in- 
soluble in  dilute  acids.  Presence  of  much  free  acid  retards 
the  separation  and  diminishes  the  quantity  of  the  precipitate. 
The  precipitate  which  separates  from  a  hydrochloric  acid 
solution  may  be  filtered  ofiP,  but  it  will  pass  milky  through  the 
filter  upon  washing,  unless  an  acid  or  chloride  of  ammonium 
is  added  to  the  washing  water. 

Ammonia  and  sulphide  of  ammonium  throw  down  titanic 
acid  as  a  white  bulky  precipitate,  insoluble  in  excess  of  either 
of  the  precipitants.  When  thrown  down  cold  and  washed 
with  cold  water,  it  is  soluble  in  hydrochloric  acid  and  dilute 
sulphuric  acid.  Presence  of  tartaric  acid  prevents  its  for- 
mation. 

Potash  produces  the  same  precipitate,  insoluble  in  excess  of 
the  precipitant. 

Carbonate  of  barium  also  throws  down  titanic  acid. 

Ferrocyanide  of  potassium  produces  a  dark  brown  preci- 
pitate. 

Hyposulphite  of  sodium  boiled  with  solution  of  titanic  acid 
precipitates  all  the  titanium. 

Zinc  or  tin  produces  after  some  time  a  pale  violet  or  blue 
coloration;  subsequently  a  blue  precipitate,  which  gradually 
becomes  white.  The  coloration  is  caused  by  the  reduction  of 
the  titanic  acid  to  oxide  of  titanium.  If  to  the  blue  but  still 
clear  solution  potash  or  ammonia  is  added,  blue  hydrate  of 
titanium  separates,  which  is  gradually  converted  into  white 
titanic  acid  with  decomposition  of  water. 
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The  solution  of  the  tetrachloride  of  titanium  in  cold  water 
is  changed  by  heat.  The  solution  prepared  with  cold  water  is 
not  precipitated  by  sulphuric  acid,  nor  by  hydrochloric,  nor 
by  nitric,  it  is  precipitated  by  phosphoric  acid,  arsenic  acid,  or 
iodic  acid ;  but  if  the  solution  be  boiled  only  for  a  few  seconds 
it  becomes  slightly  opalescent,  and  so  far  modified  that  hydro- 
chloric and  nitric  acids  produce  white  precipitates  in  it  which 
are  insoluble  in  excess  of  the  acids,  sulphuric  acid  also  preci- 
pitates it,  but  an  excess  redissolves  the  precipitate.  The 
solution  prepared  in  the  cold  contains  titanic  acid,  the  boiled 
solution  contains  metatitanic  acid.  The  difference  also  attaches 
to  the  acids.    (R.  Weber^  "  Pogg.  Ann.''  120,  287.) 

Tantalum. 

Tantalum  forms  two  oxides,  oxide  of  tantalum  and  tan- 
talic  anhydride.  The  latter  is  found  in  tantalite,  yttro- 
tantalite,  columbite,  and  some  other  rare  minerals.  TantaHc 
anhydride  is  white  ;  after  ignition  its  density  is  about  7  or  8  ; 
it  combines  with  acids  and  bases.  The  ignited  tantalic  anhy- 
dride is  insoluble  in  hydrochloric  acid  and  in  strong  sulphuric 
acid;  when  it  is  fused  with  acid  sulphate  of  potassium  and 
the  mass  is  extracted  with  water,  the  tantalic  anhydride  is  left 
behind  in  combination  with  sulphm-ic  acid.  In  this  last  re- 
action, tantalic  anhydride  differs  from  titanic  anhydride,  but 
they  cannot  be  well  separated  from  each  other  by  this  means. 
When  the  compound  of  sulphuric  acid  and  tantalic  anhydride 
is  ignited  in  an  atmosphere  of  carbonate  of  ammonium,  pure 
tantalic  anhydride  is  left  behind.  Tantalic  anhydride  when 
fused  with  potash  for  a  long  time  gives  a  mass  soluble  in  water ; 
the  solution  contains  tantalate  of  potassium.  By  fusing  tan- 
talic anhydride  with  soda,  a  turbid  mass  is  obtained;  if  this 
mass  is  treated  with  water,  the  excess  of  soda  will  be  dissolved, 
and  the  whole  of  the  tantalate  of  sodium  will  be  left  behind,  as 
it  is  insoluble  in  solution  of  soda ;  however,  after  the  removal 
of  the  excess  of  soda,  the  tantalate  of  sodium  will  dissolve  iu 
water.  By  igniting  tantalic  anhydride  with  charcoal  in  a 
current  of  pure  dry  chlorine,  yellow  chloride  of  tantalum  is 
formed,  which  sublimes  in  crystals  ;  if  the  tantalic  anhydride 
contains  titanic  anhydride,  tetrachloride  of  titanium  is  formed 
at  the  same  time^  which  emits  copious  fumes  in  the  air. 

N  2 
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Microcosmic  salt  dissolves  tantalic  anhydride  to  a  colorless 
bead,  whicli  does  not  acquire  a  red  tint  on  addition  of  ferrous 
sulphate  (here  tantalic  differs  from  titanic  anhydride).  The 
solutions  of  tantalic  acid  show  the  following  reactions  : — 

Hydrochloric  acid  added  to  solution  of  alkaline  tantalate 
gives  a  precipitate,  which  redissolves  in  excess  of  the  reagent 
to  an  opalescent  fluid. 

Ammonia  and  sulphide  of  ammonium  throw  down  from  a 
solution  of  alkaline  tantalate,  acidified  with  hydrochloric  acid, 
tantalic  acid  or  acid  tantalate  of  ammonium.  Presence  of 
tartaric  acid  prevents  the  precipitation. 

Soda  throws  down  from  solution  of  tantalate  of  sodium,  the 
latter  salt;  if  the  reagent  is  added  slowly,  the  precipitate  will 
be  crystallized. 

Sulphuric  acid  throws  down  from  solutions  of  alkaline 
tantalates,  sulphate  of  tantalic  anhydride. 

Carbonic  acid  throws  down  from  solutions  of  alkaline 
tantalates,  acid  salts,  which  are  not  dissolved  by  boiling  with 
carbonate  of  sodium. 

Ferrocyanide  of  potassium  added  to  an  acidified  solution 
throws  down  a  yellow  precipitate. 

Zinc  added  to  solution  of  alkaline  tantalate,  strongly 
acidified  with  hydrochloric  acid,  produces  no  coloration,  even 
after  the  addition  of  sulphuric  acid.  But  if  solid  chloride  of 
tantalum  is  dissolved  in  strong  sulphuric  acid,  and  water  and 
zinc  are  added  to  the  solution,  the  fluid  will  turn  a  blue  color, 
which  will  not  change  to  brown  on  standing. 

Vanadium. 

Vanadium  occurs  in  the  form  of  vanadiates,  occasionally  in 
small  quantities  in  iron  and  copper  ores,  and  in  the  slags  obtained 
from  the  same.  There  are  several  oxides.  The  highest  oxide 
is  the  anhydride  of  vanadic  acid ;  it  is  yellowish  red,  and  fuses 
at  an  incipient  red  heat,  solidifying  on  cooling  to  a  crystalline 
mass  ;  it  is  non- volatile.  It  is  very  difficultly  soluble  in  water, 
but  reddens  moist  litmus  paper  strongly.  It  combines  with 
bases  and  acids.  Strong  acids  dissolve  it  to  yellow  or  red 
fluids.  The  solutions  are  often  decolorized  by  boiling.  Most 
of  the  neutral  vanadiates  are  yellow,  those  of  the  alkaline 
metals,  and  some  others,  are  converted  into  a  colorless  modi- 
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fication  by  heating  with  water.  Most  of  the  salts  are  soluble 
in  water_,  all  are  soluble  in  nitric  acid.  The  solutions  of 
vanadic  acid  show  the  following  reactions. 

Hydro  sulphuric  acid  produces  no  precipitate  in  acid  solutions, 
but  a  blue  color  accompanied  by  separation  of  sulphur. 

Sulphide  of  ammonium  added  to  a  solution  acidified  with 
sulphuric  acid  precipitates  brown  vanadic  sulphide,  which  dis- 
solves in  excess  of  the  precipitant  to  a  reddish  brown  fluid. 

Chloride  of  ammonium  added  to  a  solution  of  an  alkaline 
vanadiate  precipitates  the  whole  of  the  vanadium  as  white 
vanadiate  of  ammonium,  insoluble  in  chloride  of  ammonium. 
(Most  characteristic  reaction.)  The  precipitate,  on  ignition, 
gives  vanadic  anhydride,  or  a  mixture  of  the  same  with  a 
lower  oxide. 

Peroxide  of  hydrogen,  added  to  an  acidified  solution  of  an 
alkaline  vanadiate  gives,  on  shaking,  a  red  color.  On  adding 
ether,  and  again  shaking  the  mixture,  the  solution  retains  its 
color,  and  the  ether  remains  colorless.  (Most  delicate  re- 
action.) 

Ferrocyanide  of  potassium  produces,  in  acid  solution,  a  green 
flocculent  precipitate,  insoluble  in  acids.  In  solutions  of 
vanadiates  it  produces  a  yellow  precipitate. 

Sulphurous  acid,  stannous  chloride,  many  metals,  organic 
substances,  &c.,  reduce  vanadic  acid  in  acid  solution,  and  color 
the  fluid  green  or  blue. 

Nitrate  of  silver  and  chloride  of  barium  produce  white  or 
yellow  precipitates  in  solutions  of  vanadiates.  The  precipitates 
are  readily  soluble  in  acids. 

Ziithium. 

Lithium  is  found  widely  disseminated  in  nature,  but  in 
minute  quantities  only.  It  is  often  met  with  in  the  analysis 
of  mineral  waters  and  ashes  of  plants,  less  frequently  in  the 
analysis  of  minerals.  The  oxide  dissolves  with  difficulty  in 
water;  it  does  not  attract  moisture  from  the  air.  Most  of 
the  salts  are  soluble  in  water ;  the  chloride  is  deliquescent. 
The  carbonate  is  difficultly  soluble,  particularly  in  cold  water. 
The  salts  tinge  flame  caraiine.  Chloride  of  platinum  and 
tartaric  acid  fail  to  precipitate  even  strong  solutions  of  the 
salts.    Phosphate  of  sodium  produces  in  solutions  of  lithium 
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salts^  upon  boiling,  a  white  crystalline  precipitate  of 
2Li3PO^  + HgO,,  which  qnickly  subsides.  This  reaction,  which 
is  characteristic  of  lithium,  is  rendered  much  more  delicate  by 
adding  with  the  phosphate  of  sodium  a  little  soda,  just  suffi- 
cient to  leave  the  reaction  alkaline,  evaporating  to  dryness, 
treating  the  residue  with  water,  and  adding  an  equal  volume 
of  ammonia.  In  this  manner  very  minute  quantities  of 
lithium  will  be  separated  in  the  above  form.  If  the  pre- 
cipitate is  dissolved  in  hydrochloric  acid,  and  the  solution  is 
supersaturated  with  ammonia,  it  remains  clear  in  the  cold,  but 
upon  boiling  a  heavy  crystalline  precipitate  of  the  above  com- 
position falls. 

Caesium  and  Rubidium. 

The  compounds  of  these  metals  are  pretty  widely  dis- 
seminated, but  they  are  found  invariably  in  very  minute 
quantities  only.  They  have  been  detected  in  the  mother 
liquors  of  mineral  waters,  and  in  a  few  minerals  (melaphyr, 
carnallite,  lepidolite).  Csesium  has  been  found  in  considerable 
quantities  in  pollux,  and  traces  of  rubidium  have  been  found 
in  the  ashes  of  plants.  The  compounds  of  caesium  and 
rubidium  bear  in  general  great  resemblance  to  the  potassium 
compounds  ;  their  strong  solutions  are  precipitated  by  chloride 
of  platinum,  and  those  which  are  volatile  color  flame  violet. 
On  the  other  hand,  the  platinum  salts  are  far  less  soluble  in 
water  than  the  corresponding  salt  of  potassium;  100  c.c. 
water  at  10°  dissolves  900  mgrm.  of  the  chloride  of  potassium 
and  platinum,  154  mgrm.  of  the  chloride  of  rubidium  and 
platinum,  and  50  mgrm.  of  the  chloride  of  caesium  and 
platinum.  Again,  the  alums  show  great  difierences  as  regards 
their  solubility  in  cold  water;  thus  100  parts  of  water  at  17° 
dissolve  13'5  parts  of  potassium  alum,  2*27  parts  of  rubidium 
alum,  and  '619  pi^rts  of  caesium  alum.  And  again,  the 
spectra  of  caesium  and  rubidium  are  quite  different  from  the 
spectrum  of  potassium. 

The  carbonate  of  caesium  is  soluble  in  absolute  alcohol, 
while  carbonate  of  rubidium  is  insoluble.  However,  the  two 
metals  cannot  well  be  separated  by  this  means,  as  the  carbo- 
nates seem  to  form  a  double  salt,  which  is  not  absolutely  in- 
soluble in  alcohol.    It  is  more  easy  to  separate  them  when 
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they  are  in  the  form  of  acid  tartrates ;  the  acid  tartrate  of 
rubidium  dissolves  in  8'5  parts  of  boiling  water_,  and  84*57 
parts  of  water  at  25°,  while  the  corresponding  salt  of  caesium 
dissolves  in  1*02  parts  of  boiling  water^  and  10  32  parts  of 
water  at  25°.  (The  acid  tartrate  of  potassium  requires  15 
parts  of  boiling  water,  and  89  parts  of  water  at  25°.) 
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DETECTION  OF  THE  RARE  METALS 
IN  THE  COURSE  OF  ANALYSIS. 


The  precipitate  produced  by  Hydro  chloric  Acid 

May  contain  silver,  mercury,  lead,  thallium  (as  chlorides), 
niobons  acid,  tungstic  acid,  and  silicic  acid.  Antimonic,  tan- 
talic,  and.  molybdic  acids  are  also  precipitated,  but  redissolve 
in  excess  of  hydrochloric  acid ;  tantalic  acid  redissolves  to  an 
opalescent  fluid.^ 

The  precipitate  is  thoroughly  washed,  with  hot  water ;  and 
the  washings  are  tested  for  thallium  with  iodide  of  potas- 
sium. 

The  residue  is  treated  with  ammonia  to  remove  the  silver, 
and  then  with  nitric  acid  to  remove  the  mercury.  Niobous 
acid,  tungstic  acid,  and  silicic  acid  remain  behind. 

To  separate  the  silica,  the  residue  is  fused  with  acid  sul- 
phate of  potassium,  treated  with  water,  and  then  with  dilute 
carbonate  of  ammonium;  and  to  separate  the  niobium 
from  the  tung-sten  the  solution  obtained  is  treated  with 
excess  of  sulphide  of  ammonium. 

The  precipitate  produced  by  Kydrosulphuric  Acid 

May  contain 

1.  As  sulphides  insoluble  in  sulphide  of  ammonium,  or 
sulphide  of  sodium.  Lead,  mercury,  bismuth,  copper, 
cadmium,  palladium,t  rhodium,t  osmium, f  ruthenium. f 

2.  As  sulphides  soluble  in  sulphide  of  ammonium,  or 
sulphide  of  sodium.  Tin,  antimony,  arsenic,  gold, 
platinum,t  iridium,t  molybdenum,  tellurium,  sele- 
nium. J 

*  Hyposulphites  are  decomposed  by  hydrochloric  acid,  sulphur  being 
deposited  and  sulphurous  acid  formed.  ^ 

t  These  metals  are  not  readily  precipitated ;  the  gas  must  be  passed 
for  a  long  time,  and  the  solution  must  be  warmed. 

X  The  following  bodies  cause  separation  of  sulphur.   The  salts  of  man- 
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After  the  precipitate  has  been  separated  into  the  two  divi- 
sions^ they  are  examined  as  follows  : — 

Division  I. 

Is  fused  with  potash  and  chlorate  of  potassium^,  heated 
finally  to  redness^  allowed  to  cool^  treated  with  water  and 
filtered. 

The  filtrate  may  contain  osmate  and  ruthenate  of  potassium 
— the  latter  gives  a  deep  yellow  color.  It  is  cautiously  neu- 
tralized with  nitric  acid^  when  black  sesquioxide  of  ruthenium 
will  separate.  On  adding  excess  of  nitric  acid  and  distilling, 
the  osmium  will  pass  over  in  the  form  of  osmic  acid. 

The  residue  is  gently  ignited  in  hydrogen^"^  then  cautiously 
treated  with  dilute  nitric  acid.  The  copper^  lead,  &c.,  are 
dissolved,  while  the  rhodium  and  palladium  remain.  The 
residue  is  treated  with  aqua  regia,  which  dissolves  the 
palladium,  leaving  the  rhodium. 

A  separate  portion  of  the  precipitate  of  Division  I.  should 
be  tested  for  mercury  in  this  case. 

Division  II. 

On  fusing  the  precipitate  with  carbonate  and  nitrate  of 
sodium,  according  to  p.  72,  and  treating  it  with  cold  water, 
the  solution  will  contain  molybdic,  telluric,  and  selenic 
acids,  besides  arsenic  acid,  while  grold,  platinum,  and 
iridium  will  be  left  behind  in  the  metallic  state  with  the 
stannic  oxide  and  antimoniate  of  sodium. 

The  precipitate  produced  by  Ammonia  and  Sulphide  of 
Ammonium  in  presence  of  Chloride  of  Ammonium 

May  contain 

As    sulphides.     Nickel,    cobalt,   iron,   manganese,  zinc, 

uranium,  thallium,  indium. 
As  hydrates.    Chromium,  aluminium,  beryllium^  thorium, 

ganese  and  cobalt  corresponding  to  their  higher  oxides,  vanadic  acid 
(with  blue  coloration),  and  nitrons,  snlphurons,  hyposulphurous,  bromic, 
iodic  acids. 
*  Cadmium  may  escape  in  this  operation. 
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zirconmm_,  yttrmm,,  terbium,  erbium,  cerium,  lantha- 
nium,  didymium,  titanium,  tantalum,  (niobium.^) 

1.  The  greater  part  of  tbe  precipitate  is  washed,  dried, 
ignited  in  a  porcelain  crucible,  fused  for  a  long  time  in  a 
platinum  crucible  with  acid  sulphate  of  potassium,  allowed  to 
cool,  well  soaked  in  cold  water  and  filtered. 

The  residue  contains  the  tantalum,  niobium,  and  possibly 
silica  and  a  little  undissolved  iron  and  chromium.  It  is 
fused  with  soda  and  chlorate  of  potassium,  and  treated  with 
dilute  soda;  chromate  and  silicate  of  potassium  will  dissolve, 
while  ferric  oxide,  tantalate  and  niobite  of  sodium  will  be  left. 
The  excess  of  soda  is  removed  from  the  residue,  and  then  the 
latter  is  treated  repeatedly  with  very  dilute  carbonate  of 
sodium,  in  which  the  niobite  of  sodium  dissolves  much  more 
readily  than  the  tantalate. 

The  filtrate  is  treated  with  hydrosulphuric  acid,  to  reduce 
triad  iron,  much  diluted,  and  boiled  for  some  time,  carbonic 
acid  being  passed  all  the  while.  A  precipitate  may  con- 
tain titanium,  and  possibly  zirconium. 

The  filtrate  is  evaporated  to  a  small  bulk,  with  addition  of 
nitric  acid,  mixed  with  excess  of  ammonia,  and  filtered.  The 
precipitate  is  washed,  dissolved  in  hydrochloric  acid,  reprecipi- 
tated  with  ammonia,  and  filtered  oflP ;  the  filtrate  being  mixed 
with  the  former  filtrate.  The  mixed  filtrates  contain  almost 
the  whole  of  the  nickel,  cobalt,  manganese,  and  zinc. 

The  precipitate  is  redissolved  in  hydrochloric  acid,  mixed  in 
the  cold  with  potash,  and  filtered. 

The  filtrate  contains  the  chromium,  aluminium,  and  beryl- 
lium. It  is  diluted  and  boiled  for  some  time ;  the  aluminium 
will  remain  in  solution,  the  beryllium  and  chromium  will  be 
precipitated.  The  precipitate  is  fused  with  carbonate  of  sodium 
and  chlorate  of  potassium  in  a  platinum  crucible  and  boiled 
with  water.  All  the  chromium  will  dissolve  as  chromate. 
The  beryllium  may  partly  remain  insoluble  and  partly  dis- 
solve ;  the  part  which  dissolves  may  be  thrown  down  by 
acidifying  with  hydrochloric  acid  and  then  neutralizing  with 
ammonia. 

The  precipitate  may  still  contain,  besides  the  other  bodies, 
chromium,  and  possibly  (in  presence  of  yttrium  and  cerium) 

*  Traces  of  niobium  may  be  found  here,  which  have  been  left  unpreci- 
pitated  by  the  hydrochloric  acid. 
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aluminium  and  beryllium.  It  is  dissolved  in  hydrocliloric 
acid^  evaporated  if  necessary  to  drive  off  excess  of  acid^  diluted, 
mixed  with  carbonate  of  barium,  and  allowed  to  stand  four  or 
five  hours  in  the  cold. 

The  precipitate  contains  iron,  indium,  and  possibly  chro- 
mium, aluminium  and  uranium.  It  is  redissolved  in  hydro- 
chloric acid,  and  mixed  with  excess  of  acid  carbonate  of  sodium 
to  separate  uranium.  The  precipitate  is  tested  in  the  spec- 
troscope for  indium,  and  by  fusing  with  carbonate  of  sodium 
and  chlorate  of  potassium  for  chromium. 

In  the  filtrate  from  the  carbonate  of  barium  precipitate  the 
barium  is  thrown  down  by  sulphuric  acid,  the  sulphate  of 
barium  is  filtered  off*,  the  filtrate  is  evaporated  to  a  small  bulk, 
exactly  neutralized  with  potash  (the  solution  being  left  rather 
acid  than  alkaline),  mixed  with  sulphate  of  potassium  in 
crystals,  boiled,  allowed  to  stand  for  twelve  hours,  and  filtered ; 
the  precipitate  being  washed  with  sulphate  of  potassium. 

The  filtrate  contains  yttrium,  erbium,  terbium,  and  possibly 
some  beryllium.  It  is  mixed  with  ammonia,  which  precipitates 
all  four.  The  precipitate  is  treated  with  a  strong,  hot  solution 
of  oxalic  acid,  which  dissolves  the  beryllium  leaving  yttrium, 
erbium,  and  terbium. 

The  precipitate  that  has  been  washed  with  sulphate  of 
potassium  is  boiled  repeatedly  with  water  containing  a  little 
hydrochloric  acid ;  the  thorium  and  cerium  will  dissolve, 
leaving  the  zirconium  behind. 

2.  A  portion  of  the  precipitate  is  tested  in  the  spectro- 
scope for  thallium  (and  indium).  To  examine  further  for 
thallium,  dissolve  a  portion  of  the  precipitate  in  boiling  dilute 
hydrochloric  acid,  treat  the  solution  with  sulphurous  acid  till 
the  ferric  salts  are  reduced,  neutralize  nearly  with  ammonia, 
and  add  iodide  of  potassium.  If  a  precipitate  is  obtained,  it 
should  be  examined  in  the  spectroscope. 

The  filtrate  from  the  Sulphide  of  Ammonium 

Precipitate. 

By  just  acidifying  this  filtrate  with  hydrochloric  acid  we 
may  get  a  precipitate  containing  nickel,  vanadium,  and 
tungsten,^  as  sulphides.  The  precipitate  is  filtered  off',  washed, 

*  A  portion  of  this  metal  may  have  been  left  by  the  hydrochloric  acid. 
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dried,,  fused  with  carbonate  of  sodium  and  nitrate  of  potassium, 
and  treated  with  water,  which  will  dissolve  vanadiate  and 
tungstate  of  potassium,  leaving  oxide  of  nickel  behind.  From 
the  solution  the  vanadium  may  be  separated  by  solid  chloride 
of  ammonium,  and  the  tung'sten  by  evaporating  with  hydro- 
chloric acid  and  treating  the  residue  with  water. 

Detection  of  Xiithium,  Caesium  and  Rubidium  in  pre- 
sence of  larg^e  quantities  of  Sodium  and  Potassium. 

The  dry  chlorides  are  extracted,  with  addition  of  a  few 
drops  of  hydrochloric  acid,^  with  alcohol  of  90  per  cent. 
The  solution  will  contain  all  the  rare  metals,  and  almost  the 
whole  of  the  potassium  and  sodium  will  be  left  behind.  The 
solution  is  evaporated  to  dryness,  taken  up  with  a  little  water, 
mixed  with  chloride  of  platinum  and  filtered. 

The  precipitate  contains  the  caesium  and  rubidium.  It  is 
washed  repeatedly  with  boiling  water  to  remove  the  chloride 
of  potassium  and  platinum,  and  examined  continually  by  the 
spectroscope  during  the  process.  The  potassium  spectrum  will 
grow  fainter  and  fainter  while  the  spectra  of  caesium  and 
rubidium  will  become  visible. 

The  filtrate  contains  the  lithium.  It  is  evaporated  to  dry- 
ness, heated  to  low  redness  in  a  current  of  hydrogen  to 
decompose  the  chloride  of  sodium  and  platinum,  and  the  excess 
of  chloride  of  platinum,  moistened  with  hydrochloric  acid,* 
warmed  to  drive  off  the  excess  of  the  acid,  and  extracted  with 
a  mixture  of  absolute  alcohol  and  ether.  On  evaporating  the 
alcoholic  solution,  the  chloride  of  lithium  is  obtained  per- 
fectly free  from  sodium  and  potassium.  It  may  be  well  to 
dissolve  a  portion  in  water,  and  add  sulphuric  acid  and  alcohol 
to  make  sure  that  strontium  and  calcium  are  absent. 

Insoluble  Substances 

May  contain  the  following  rare  metals  : — Beryllium,  tho- 
rium, zirconium,  cerium,  titanium,  tantalum,  niobium,  mo- 
lybdenum, tungsten,  rhodium,  iridium,  osmium-iridium,  ruthe- 
nium. 

*  The  use  of  the  hydrochloric  acid  is  to  reconvert  any  carbonate  of 
hthium  that  may  be  formed  into  chloride.  Carbonate  of  lithium  is  inso- 
luble in  alcohol. 
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The  substance,,  after  having  been  freed  from  silver,  lead, 
and  sulphur  in  the  usual  way,  is  fused  with  carbonate  of 
sodium  and  nitrate  of  potassium,  and  repeatedly  extracted 
with  hot  water.  If  a  residue  is  left,  it  is  fused  for  some 
time  in  a  silver  crucible  with  potash  and  nitrate  of  potassium, 
and  treated  repeatedly  with  water. 

The  alkaline  solutions  are  mixed.  They  may  contain  be- 
ryllium, a  portion  of  the  titanium,  tantalum,  niobium,  mo- 
lybdenum, tungsten,  osmium,  ruthenium,  and  a  portion  of  the 
iridium. 

The  residue  is  fused  with  acid  sulphate  of  potassium,  and 
treated  with  water.  The  solution  may  contain  thorium,  zir- 
conium, cerium,  the  remainder  of  the  titanium,  and  rhodium. 
If  a  residue  is  still  left,  it  may  contain  platinum  ore  metals ; 
it  should  be  mixed  with  chloride  of  sodium  and  ignited  in  a 
current  of  chlorine. 
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REACTIONS'  OF  RARE  ACIDS. 


LIST  OF  RARE  ACIDS. 

Hydrofluosilicic  acid.  ^ 
Iodic  acid. 
Nitrous  acid. 
Perchloric  acid. 
Pyrophosphoric  acid. 
Metaphosphoric  acid. 
Phosphorous  acid. 
Hypophosphorous  acid. 
Sulphurous  acid. 
•  Hyposulphurous  acid. 

Kydrofluosilicic  Acid. 

When  evaporated  in  platinum  this  acid  volatilizes  com- 
pletely as  fluoride  of  silicon  and  hydrofluoric  acid.  When 
evaporated  in  glass  it  etches  the  vessel.  The  metallic  silico- 
fluorides  are  resolved  by  ignition  into  metallic  fluorides  and 
fluoride  of  silicon. 

When  silicofluorides  are  heated  with  strong  sulphuric  acid 
sulphates  are  formed,  and  hydrofluoric  acid  and  fluoride  of 
silicon  escape.  If  the  experiment  is  conducted  as  described, 
p.  87,  2,  the  glass  will  be  etched. 

Chloride  of  barium  forms  a  crystalline  precipitate,  see  p.  59,  8. 

Chloride  of  strontium  and  acetate  of  lead  form  no  preci- 
pitate. 

Salts  of  potassium  precipitate  transparent  gelatinous  silico- 
fluoride  of  potassium. 

Ammonia  in  excess  precipitates  hydrated  silica^  fluoride  of 
ammonium  being  formed. 

Iodic  Acid. 

Chloride  of  barium  throws  down  from  alkaline  iodates  a 
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white  precipitate  of  iodate  of  barium^  which  is  soluble  in 
nitric  acid. 

Nitrate  of  silver  throws  down  a  )yhite  crystalline  precipitate 
of  iodate  of  silver^  readily  soluble  in  ammonia,,  sparingly 
soluble  in  nitric  acid. 

Hydro  sulphuric  acid  throws  down  from  iodic  acid  solutions 
iodine,  which  dissolves  in  the  hydriodic  acid  formed ;  sulphur 
being  separated  at  the  same  time.  An  excess  of  hydros ul- 
phuric  acid  decolorizes  the  solution,  the  iodine  being  com- 
pletely converted  into  hydriodic  acid. 

Sulphurous  acid  precipitates  iodine,  which  is  converted  into 
hydriodic  acid  by  an  excess  of  the  reagent. 

Nitrous  Acid. 

When  a  nitrite  is  mixed  with  an  acid,  the  nitrous  acid 
which  might  be  supposed  to  be  formed,  splits  up  at  once  into 
nitric  acid,  nitric  oxide  and  water,  thus — 

3  HNO2  =  HNO3  +  2  NO  +  HgO. 

Nitrate  of  silver  added  to  alkaline  nitrites  produces  a  white 
precipitate,  which  dissolves  in  a  very  large  quantity  of  water, 
especially  of  hot  water. 

Ferrous  sulphate  upon  addition  of  an  acid,  produces  a  dark 
brown  coloration,  due  to  the  nitric  oxide  dissolving  in  the 
ferrous  solution. 

Hydrosulphuric  acid  produces  in  neutral  solutions  a  copious 
precipitate  of  sulphur,  nitrate  of  ammonium  being  formed  at 
the  same  time. 

The  most  delicate  test  for  nitrous  acid  consists  in  the 
addition  of  iodide  of  potassium,  solution  of  starch  and  sulphuric 
acid.  Water  containing  the  one  hundred-thousandth  part  of 
nitrite  of  potassium  is  colored  distinctly  blue  in  a  few  seconds, 
and  a  few  minutes  suffice  to  produce  the  same  effect  in  water 
containing  one-millionth  of  the  salt.  However,  this  test  is 
not  characteristic,  as  other  substances  besides  nitrous  acid  have 
this  effect. 

Perchloric  Add. 

The  dilute  solution  of  the  acid  gives  by  distillation,  first 
water,  then  weak  acid,  and  finally  strong  acid.    All  the  per- 
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chlorates  are  decomposed  by  ignition_,  those  of  the  alkali 
metals  leaving  chlorides  behind,  with  disengagement  of 
oxygen. 

Salts  of  potassium  produce  a  white  crystalline  precipitate  of 
perchlorate  of  potassium,  sparingly  soluble  in  water,  insoluble 
in  spirit. 

Chloride  of  barium  and  nitrate  of  silver  produce  no  precipi- 
tate. 

Strong  sulphuric  acid  fails  to  decompose  perchloric  acid  in 
the  cold,  and  decomposes  it  only  with  difficulty  on  heating. 
(Here  perchloric  acid  diflPers  from  chloric  acid.) 

Hydrochloric  acid,  nitric  acid  and  sulphurous  acid  do  not 
decompose  perchloric  acid ;  if  therefore  indigo  solution  is 
added  at  the  same  time  it  is  not  decolorized.  (Here  perchloric 
acid  diifers  from  all  the  other  oxygen  acids  of  chlorine.) 

Pyrophosphoric  Acid. 

The  solution  of  this  acid  when  boiled  is  converted  into 
phosphoric  acid.  The  solutions  of  the  salts  may  be  heated 
without  suffering  decomposition.  If  the  salts  are  fused  with 
carbonate  of  sodium,  phosphates  are  formed. 

Chloride  of  barium  fails  to  precipitate  the  free  acid ;  from 
solutions  of  its  salts  pyrophosphate  of  barium  is  precipitated. 

Nitrate  of  silver  throws  down  from  a  solution  of  the  acid, 
especially  on  addition  of  an  alkali,  a  white  precipitate  of 
pyrophosphate  of  silver,  which  is  soluble  in  nitric  acid  and 
ammonia. 

Sulphate  of  magnesium  precipitates  pyrophosphate  of  mag- 
nesium. The  precipitate  dissolves  in  excess  of  the  pyrophos- 
phate, as  well  as  in  excess  of  sulphate  of  magnesium.  Am- 
monia fails  to  reprecipitate  it  from  these  solutions.  Upon 
boiling  the  solution  it  separates  again. 

A  concentrated  solution  of  luteo-cobaltic  chloride  added  to 
an  alkaline  pyrophosphate  produces  an  immediate  precipitation 
of  pale  reddish-yellow  spangles.  (Here  pyrophosphoric  acid 
differs  from  phosphoric  and  metaphosphoric  acids.) 

White  of  egg  is  not  precipitated  by  pyrophosphoric  acid,  nor 
by  its  salts  mixed  with  acetic  acid. 

Molybdate  of  ammonium  dissolved  in  nitric  acid,  fails  to  pro- 
duce a  precipitate. 
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metaphosphoric  Acid. 

The  salts  when  fused  with  carbonate  of  sodium  yield  phos- 
phate of  sodium. 

Those  solutions  which  are  precipitated  by  nitrate  of  silver 
produce  a  white  precipitate  with  that  reagent. 

A  mixture  of  sulphate  of  magnesium,  chloride  of  ammonium, 
and  ammonia  fails  to  produce  a  precipitate.  Or  if  a  precipi- 
tate is  formed  it  is  soluble  in  chloride  of  ammonium. 

White  of  egg  is  immediately  precipitated  by  metaphosphates 
acidified  with  acetic  acid. 

Phosphorous  Acid. 

The  solution  of  the  acid  is  decomposed  by  heat  into  phos- 
phoric acid  and  phosphuretted  hydrogen  gas^  which  does  not 
take  fire  spontaneously.  All  the  salts  are  decomposed  by 
ignition  into  phosphates  and  hydrogen_,  or  a  mixture  of  hy- 
drogen and  phosphuretted  hydrogen. 

Nitrate  of  silver  is  reduced  to  metallic  silver^  more  especially 
upon  adding  ammonia  and  heating. 

Mercurous  nitrate  is  reduced  to  metallic  mercury^  the  re- 
action being  favoured  by  addition  of  ammonia  and  heating. 

Mercuric  chloride  is  reduced  to  mercurous  chloride^  especially 
on  heating. 

Chloride  of  barium  and  chloride  of  calcium  produce,  upon 
addition  of  ammonia_,  white  precipitates  soluble  in  acetic  acid. 

A  mixture  of  sulphate  of  magnesium,  chloride  of  ammonium, 
and  ammonia  precipitates  only  concentrated  solutions. 

Acetate  of  lead  throws  down  white  phosphite  of  lead,  in- 
soluble in  acetic  acid.  * 

By  boiling  with  sulphurous  acid  in  excess,  phosphoric  acid  is 
formed  with  separation  of  sulphur. 

In  contact  with  zinc  and  dilute  sulphuric  acid  phosphorous 
acid  gives  a  mixture  of  hydrogen  and  phosphuretted  hydrogen, 
which  fumes  in  the  air,  burns  with  an  emerald  color,  and  pre- 
cipitates phosphide  of  silver  from  solution  of  nitrate  of  silver. 

Hypophosphorous  Acid. 

The  solution  of  the  acid  is  resolved  by  boiling  with  ex- 
clusion of  air,  into  phosphoric  acid  and  phosphuretted  hydrogen 
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gas,  whicli  is  not  spontaneously  inflammable.  All  hypoplios- 
phites  are  resolved  by  ignition  into  phosphate  and  phos- 
phuretted  hydrogen  gas,  which  in  most  cases  is  spontaneously 
inflammable. 

Chloride  of  barium,  chloride  of  calcium,  and  acetate  of  lead 
fail  to  precipitate  hypophosphites.  (Here  they  difier  from 
phosphites.) 

Nitrate  of  silver  gives  with  hypophosphites,  first,  a  white 
precipitate  of  hypophosphite  of  silver,  which  turns  black  even 
at  the  common  temperature,  but  more  rapidly  on  heating  ;  the 
change  of  color  being  attended  with  separation  of  metallic 
silver. 

Mercuric  chloride  added  in  excess  to  hypophosphorous  acid 
is  reduced  to  mercurous  chloride.  The  change  is  favoured  by 
heat. 

With  zinc  and  sulphuric  acid  hypophosphorous  acid  gives 
hydrogen  gas  mixed  with  phosphuretted  hydrogen. 

Sulphurous  Acid* 

When  treated  with  hydrochloric  acid  all  sulphites  evolve 
sulphurous  anhydride,  which  may  be  known  by  its  odor. 

Chlorine  water  converts  sulphurous  acid  to  sulphuric  acid. 

Chloride  of  barium,  precipitates  neutral  sulphites ;  the  pre- 
cipitate dissolves  in  hydrochloric  acid. 

Hydro  sulphuric  acid  decomposes  sulphurous  acid,  water  and 
pentathionic  acid  being  formed,  and  free  sulphur  eliminated. 

If  to  a  solution  of  sulphurous  acid  mixed  with  an  equal 
volume  of  hydrochloric  acid,  a  piece  of  clean  copper  wire  is 
added,  and  the  mij«iture  is  boiled,  the  copper  appears  black,  as 
if  covered  with  soot,  if  much  sulphurous  acid  is  present  j  but 
only  dull  if  a  little  is  present. 

If  a  trace  of  a  sulphite  is  introduced  into  a  hydrogen  appa- 
ratus, hydrosulphuric  acid  is  immediately  evolved  with  the 
hydrogen,  and  the  gas  now  produces  a  black  precipitate  in  a 
solution  of  acetate  of  lead,  to  which  has  been  added  sufficient 
potash  to  redissolve  the  precipitate  first  formed. 

Sulphurous  acid  is  a  powerful  reducing  agent ;  it  reduces 
chromic  acid,  permanganic  acid,  and  mercuric  chloride,  and  it 
decolorizes  iodide  of  starch. 

With  a  hydrochloric  acid  solution  of  stannous  chloride  a 
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yellow  precipitate  of  stannic  sulphide  is  formed  after  some 
time. 

If  an  aqueous  solution  of  an  alkaline  sulphite  is  mixed  with 
acetic  acid  just  to  give  it  an  incipient  acid  reaction,  and  is 
then  added  to  a  relatively  large  amount  of  solution  of  sulphate 
of  zinc,  mixed  with  a  very  small  quantity  of  nitrovrusside  of 
sodium,  the  fluid  acquires  a  red  color  if  the  quantity  of  sul- 
phite present  is  not  too  inconsiderable ;  but  when  the  quantity 
of  sulphite  is  very  minute,  the  coloration  does  not  make  its 
appearance  till  some  ferrocyanide  of  potassium  has  been  added. 
The  latter  salt  occasions  the  formation  of  a  purple-red  pre- 
cipitate, unless  the  quantity  of  sulphite  is  too  slight.  (Hypo- 
sulphites of  the  alkali  metals  do  not  show  this  reaction.) 

Kyposulphurous  Acid. 

The  solutions  of  most  hyposulphites  may  be  boiled  without 
suffering  decomposition.  Hyposulphite  of  calcium  is  resolved 
upon  boiling  into  sulphite  of  calcium  and  sulphur. 

If  hydrochloric  acid  is  added  to  the  solution  of  a  hyposul- 
phite, the  fluid  remains  at  first  clear  and  odorless,  but  after  a 
short  time — the  shorter  the  more  concentrated  the  solution — 
it  becomes  more  and  more  turbid,  owing  to  the  separation  of 
sulphur,  and  exhales  the  odor  of  sulphurous  acid.  Application 
of  heat  promotes  the  decomposition. 

Nitrate  of  silver  produces  a  white  precipitate  of  hyposul- 
phite of  silver,  which  is  soluble  in  an  excess  of  the  hyposul- 
phite ;  after  a  little  while  (upon  heating  almost  immediately) 
this  precipitate  turns  black,  being  decomposed  into  sulphide  of 
silver  and  sulphuric  acid.  Hyposulphite  of  sodium  dissolves 
chloride  of  silver;  upon  addition  of  an  acid  the  solution  re- 
mains clear  at  first,  but  after  some  time,  and  immediately  upon 
boiling,  sulphide  of  silver  separates. 

Chloride  of  barium  produces  a  white  precipitate,  which  is 
soluble  in  much  water,  more  especially  hot  water,  and  is 
decomposed  by  hydrochloric  acid. 

Ferric  chloride  colors  the  solutions  of  alkaline  hyposulphites 
reddish-violet  (here  they  differ  from  alkaline  sulphites)  ;  on 
standing,  the  liquid  is  decolorized,  especially  when  heated, 
ferrous  chloride  being  produced. 

o  2 
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Hyposulpliites  immediately  reduce  an  acidified  solution  of 
chromic  acid,  and  decolorize  acidified  iodide  of  starch. 

Where  it  is  required  to  find  sulphites  and  hyposul- 
phites   OF   THE    alkali    METALS    IN     PRESENCE    OF  ALKALINE 

sulphides_,  solution  of  sulphate  of  zinc  first  is  added^  until  the 
sulphide  is  decomposed ;  the  sulphide  of  zinc  is  then  filtered 
off^  and  one  part  of  the  filtrate  is  tested  for  hyposulphurous 
acid  with  hydrochloric  acid,  while  another  portion  is  tested  for 
sulphurous  acid  with  nitroprusside  of  sodium,  &c. 
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EEACTIONS  OF  ALKALOIDS. 


The  alkaloids  may  be  classified  as  follows  : — 

VOLATILE  ALKALOIDS. 

Obtained  in  the  distillate,  when  their  salts  are  distilled  ivith 
potash  and  water. 

Nicotine. 
Conine. 

NON- VOLATILE  ALKALOIDS. 
Group  I. 

Precipitated  by  potash  from  their  salts,  readily  soluble  in 
excess  of  the  precipitant. 

Morphine. 
Group  IL 

Precipitated  by  potash  from  their  salts,  insoluble  in  excess  of 
the  precipitant. 

Precipitated  by  acid  carbonate  of  sodium,  even  from  acid 
solution,  if  the  solution  does  not  contain  less  than  I  per  cent. 

Narcotine. 

Quinine. 

Cinchonine. 

Group  III. 

Precipitated  by  potash  from  their  salts,  insoluble  in  excess  of 
the  precipitant. 

Not  precipitated  by  acid  carbonate  of  sodium  from  acid 
solution. 

Strychnine. 

Brucine. 

Veratrine. 
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VOLATILE  ALKALOIDS. 

NICOTINE.  CONINE. 

Nicotine. 

1.  Nicotine  is  a  colorless,,  oily  liquid,  of  1*048  sp.  gr. ;  it 
becomes  yellow  or  brown  by  the  action  of  air.  It  boils  at  250°, 
being  partially  decomposed;  but  in  a  current  of  hydrogen  it 
distils  over  unchanged  between  100°  and  200°.  It  is  perfectly 
miscible  with  water,  alcohol,  and  ether. 

Nicotine  has  a  peculiar,  somewhat  ethereal,  tobacco-like 
odor  (the  odor  is  much  increased  by  heating),  and  an  acrid, 
pungent  taste.  It  is  very  poisonous.  Dropped  on  paper,  it 
makes  a  transparent  stain,  which  slowly  disappears ;  it  is  alka- 
line to  test-paper.  A  strong  aqueous  solution  of  the  alkaloid 
shows  these  reactions  more  distinctly  than  pure  nicotine. 

2.  The  salts  of  nicotine  are  freely  soluble  in  water  and 
alcohol,  insoluble  in  ether ;  they  are  inodorous,  but  taste 
strongly  of  tobacco ;  some  of  them  are  cry stalliz able.  By 
distilling  the  salts  with  potash,  neutralizing  the  distillate  with 
oxalic  acid,  and  evaporating,  oxalate  of  nicotine  is  left,  which 
may  be  freed  from  any  oxalate  of  ammonium  that  may  be 
present  by  means  of  alcohol,  in  which  it  is  soluble,  oxalate  of 
ammonium  being  insoluble. 

3.  If  a  solution  of  a  nicotine  salt  is  mixed  with  potash  and 
then  shaken  with  ether,  the  nicotine  will  be  dissolved  by  the 
ether.  On  allowing  the  ethereal  solution  to  evaporate  on  a 
watch-glass,  the  nicotine  will  be  left,  and  on  warming  the 
watch-glass,  the  alkaloid  will  volatilize  in  white,  strong-smelling 
fumes. 

4.  Chloride  of  platinum  produces  in  solutions  of  nicotine  a 
whitish-yellow,  flocculent  precipitate.  On  heating  the  mixture, 
the  precipitate  dissolves,  but  on  continuing  the  application  of 
heat,  the  precipitate  soon  forms  again  as  an  orange-yellow, 
crystalline,  heavy  powder,  which,  under  the  microscope,  appears 
to  be  composed  of  rounded  crystalline  grains.  If  a  rather 
dilute  solution  of  nicotine,  supersaturated  with  hydrochloric 
acid,  is  mixed  with  chloride  of  platinum,  the  fluid  at  first 
remains  clear ;  after  some  time,  however,  the  double  salt  sepa- 
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rates  in  small  crystals  (oblique^  four-sided  prisms),  clearly 
discernible  with  the  naked  eye. 

5.  Chloride  of  gold  produces  a  reddisb-yellow,  flocculent 
precipitate^  sparingly  soluble  in  hydrochloric  acid. 

6.  Solution  of  iodine  in  iodide  of  potassium,  added  in  small 
quantity  to  solution  of  nicotine,  produces  a  yellow  precipitate, 
which  after  a  time  disappears.  Upon  further  addition  of  the 
reagent,  a  copious,  kermes-colored  precipitate  separates ;  but 
this  also  disappears  after  a  time. 

7.  Tannic  acid  produces  a  copious  white  precipitate,  which 
redissolves  upon  addition  of  hydrochloric  acid. 

8.  If  a  solution  of  nicotine  is  added  to  mercuric  chloride 
in  excess,  a  white,  flocculent  precipitate  is  formed.  On  adding 
chloride  of  ammonium,  the  precipitate  redissolves.  But  the 
fluid  soon  turns  turbid,  and  deposits  a  heavy,  white  precipitate. 

Conine. 

1.  Conine  is  a  colorless  oily  liquid,  of  '87  sp.  gr. ;  it  be- 
comes brown  by  the  action  of  air.  It  boils  at  212°  ;  when 
distilled  in  the  ordinary  way  it  turns  brown,  and  is  partially 
decomposed ;  heated  in  a  current  of  hydrogen,  it  distils  un- 
changed; with  aqueous  vapours  it  distils  freely.  It  dissolves 
but  sparingly  in  water,  I  part  requiring  100  parts  of  water  at 
the  common  temperature ;  the  solution  becomes  turbid  on 
warming,  and  clear  again  on  cooling.  Conine  is  perfectly  mis- 
cible  with  alcohol  and  ether.  The  aqueous  and  alcoholic 
solutions  are  strongly  alkaline  to  test  paper.  Conine  has  a 
very  strong,  pungent,  repulsive  odor,  which  afiects  the  head, 
and  an  unpleasant  taste.    It  is  very  poisonous. 

2.  The  salts  of  conine  are  soluble  in  water  and  alcohol ; 
some  are  to  a  certain  extent  soluble  in  ether.  Hydrochlorate 
of  conine  crystallizes  readily ;  the  smallest  quantity  of  conine, 
brought  in  cod  tact  with  a  trace  of  hydrochloric  acid,  yields 
almost  immediately  non-deliquescent  rhombic  crystals.  The 
sulphate  of  conine  does  not  crystallize  till  after  some  time. 
The  solutions  of  conine  salts  turn  brownish  on  evaporation, 
with  partial  decomposition  of  the  alkaloid.  The  dry  salts  do 
not  smell  of  conine ;  when  moistened  they  smell  but  feebly  of 
it ;  but  upon  addition  of  potash  they  at  once  give  the  charac- 
teristic smell.    By  distilling  the  salts  with  potash,  neutralizing 


202        REACTIONS  AND  SEPARATION  OF  ORGANIC  BODIES. 

the  distillate  witli  oxalic  acid_,  evaporating  to  dryness,  and 
treating  the  residue  with  spirit  of  wine^  the  oxalate  of  conine 
is  dissolved^  whilst  any  oxalate  of  ammonium  that  may  be 
present  is  left  undissolved.  As  conine  is  only  sparingly 
soluble  in  water^  and  still  less  soluble  in  alkaline  solutions, 
a  strong  solution  of  a  conine  salt  turns  milky  on  addition  of 
potash.  .  The  minute  drops  which  separate  unite  gradually, 
and  collect  on  the  sui^face. 

3.  If  a  solution  of  a  conine  salt  is  shaken  with  potash  and 
ether,  the  conine  dissolves  in  the  ether.  If  the  latter  is  then 
allowed  to  evaporate  on  a  watch-glass,  the  conine  is  left  in 
yellowish  oily  drops. 

4.  Strong  nitric  acid  gives  to  conine  a  fine  blood-red  color. 

5.  Sulphuric  acid  gives  a  purple-red  color,  which  subse- 
quently turns  olive- green. 

6.  Chloride  of  platinum  does  not  precipitate  salts  of  conine. 
The  conine  compound  corresponding  to  chloride  of  platinum 
and  ammonium  is  soluble  in  water,  but  insoluble  in  alcohol 
and  in  ether.  The  double  salt  dissolves  on  boiling  with 
alcohol,  and  separates  on  cooling  in  the  amorphous  form. 

7.  Chloride  of  gold  produces  a  yellowish- white  precipitate, 
insoluble  in  hydrochloric  acid. 

8.  Mercuric  chloride  produces  a  copious  white  precipitate, 
soluble  in  hydrochloric  acid. 

9.  Iodine  dissolved  in  iodide  of  potassium,  and  also  tannic 
acid  give  the  same  reactions  as  with  nicotine. 

10.  Chlorine  water  produces  in  a  mixture  of  water  and 
conine,  a  strong  white  turbidity. 

11.  If  a  solution  of  conine  is  mixed  with  solution  of 
albumen  the  latter  coagulates.  Aniline  is  the  only  other 
volatile  alkaloid  which  shows  this  reaction. 

NON-VOLATILE  ALKALOIDS. 

Group  I. 
Blorphine. 

1.  Crystallized  morphine  usually  appears  in  the  form  of 
colorless,  brilliant,  rhombic  prisms.  It  has  a  bitter  taste,  and 
dissolves  very  sparingly  in  cold,  but  somewhat  more  readily 
in  boiling  water.     It  dissolves  in  about  90  parts  of  cold 
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alcohol,  and  from  20  to  30  parts  of  boiling  alcohol.  The 
solutions  both  in  alcohol  and  in  hot  water  have  a  distinctly- 
alkaline  reaction.  Morphine  is  nearly  insoluble  in  ether ;  it 
dissolves  in  amyl  alcohol  in  the  cold,  but  more  freely  on 
heating.  It  is  insoluble  in  benzol,  very  difficultly  soluble  in 
chloroform.  Morphine  may  be  sublimed  without  decomposi- 
tion."^ 

2.  The  salts  of  morphine  are  readily  soluble  in  water  and 
alcohol,  but  insoluble  in  ether  and  amyl  alcohol.  Their  taste 
is  disagreeably  bitter.     Most  of  them  are  crystallizable. 

3.  Potash  and  ammonia  precipitate  the  alkaloid  from  solu- 
tions of  its  salts,  in  the  form  of  a  white  crystalline  powder. 
The  formation  of  the  precipitate  generally  takes  some  time ;  it 
is  accelerated  by  stirring  and  rubbing.  The  precipitate  redis- 
solves  with  great  readiness  in  excess  of  potash,  but  more 
sparingly  in  ammonia.  It  dissolves  also  in  chloride  of  ammo- 
nium, and  in  carbonate  of  ammonium,  but  with  difficulty  in 
the  latter. 

4.  Carbonate  of  potassium,  or  of  sodium,  produces  the  same 
precipitate,  which  is  insoluble  in  excess  of  either  reagent. 
Consequently,  if  acid  carbonate  of  potassium  or  of  sodium  is 
added  to,  or  if  carbonic  acid  is  passed  into,  a  solution  of 
morphine  in  potash,  the  morphine  separates,  especially  after 
boiling,  in  the  form  of  a  crystalline  powder.  This  powder 
slightly  magnified  appears  as  acicular  crystals,  and  magnified 
one  hundred  times  as  rhombic  prisms. 

5.  Acid  carbonate  of  potassium^  or  of  sodium,  speedily 
produces  in  neutral  solutions  a  precipitate  of  morphine,  inso- 
luble in  excess  of  the  reagent.  Acidified  solutions  of  morphine 
are  not  precipitated  in  the  cold. 

6.  Strong  nitric  acid  added  to  salts  in  the  solid  state  or 
in  strong  solutions,  produces  a  color  varying  from  red  to 
yellowish-red.  Dilute  solutions  do  not  change  color  on  addi- 
tion of  nitric  acid  in  the  cold,  but  become  yellow  upon 
heating. 

7.  If  morphine,  or  a  salt  of  morphine,  is  treated  with  4  or 

*  For  the  best  way  of  subliming  morphine,  and  for  the  value  of  the 
sublimate  in  microscopic  diagnosis,  see  Helwig  (Zeitscbr.  f.  anal. 
Chem.,  3,  43 ;  or  Das  Mikroscop  in  der  Toxikologie  von  Dr.  A.  Helwig. 
von  Zabern.  Mainz :  1864).  In  the  latter  work  the  subject  is  treated 
more  completely  and  illustrated.  I  may  mention  that  the  alkaloid  must 
be  perfectly  pure. 
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5  drops  of  pure  strong  sulpliuric  acid^  and  warmed^  a  colorless 
solution  is  obtained;  if,  after  cooling,  10  to  20  drops  of 
sulphuric  acid,  mixed  with  nitric  acid,*  are  added,  and  2  or 

3  drops  of  water,  the  fluid  acquires  a  violet-red  color  (gentle 
heating  promotes  the  reaction)  ;  and  if  now  4  or  5  clean  lentil- 
sized  fragments  of  binoxide  of  manganese  are  added,  or  a 
fragment  of  chromate  of  potassium  (Otto),  the  fluid  acquires 
an  intense  mahogany  color.    If  the  fluid  is  then  diluted  with 

4  parts  of  water,  cooled  in  a  test-tube,  and  ammonia  added 
till  the  reaction  is  almost  neutral,  a  dirty  yellow  color  makes 
its  appearance,  which  turns  brownish  red  upon  supersaturation 
with  ammonia,  without  the  deposition  of  any  appreciable 
precipitate. 

According  to  A.  Husemann  the  violet  coloration  of  sulphate 
of  morphine  by  nitric  acid,  does  not  occur  till  the  morphine 
solution  has  undergone  change.  It  occurs  immediately  when 
the  solution  in  strong  sulphuric  acid  is  heated  to  100° — 150°. 
If,  after  cooling,  a  drop  of  nitric  acid  is  added,  a  splendid  dark 
violet  color  is  produced,  which  stays  at  the  edge  for  several 
minutes,  but  in  the  middle  soon  passes  into  a  blood-red  color, 
which  slowly  becomes  paler.  Chloride  of  soda  acts  like  nitric 
acid.  (Very  delicate  reaction.)  On  heating  morphine  with 
sulphuric  acid  above  150°,  a  transient  reddish  violet  color  is 
produced,  which  turns  finally  to  dirty  green. 

8.  Neutral  ferric  chloride  gives  to  strong  neutral  solutions 
of  morphine  a  beautiful  dark  blue  color,  which  disappears  on 
the  addition  of  an  acid.  If  the  solution  contains  animal  or 
vegetable  extractive  matters  or  acetates,  the  color  will  appear 
clouded  and  less  distinct. 

9.  Iodic  acid  added  to  morphine  or  a  morphine  salt,  is 
decomposed,  with  separation  of  iodine.  Other  nitrogenous 
bodies  (albumen,  casein,  fibrin,  &c.)  reduce  iodic  acid  in  the 
same  manner.  In  the  case  of  morphine,  the  coloration  is 
made  more  intense  by  the  addition  of  ammonia ;  in  the  case 
of  other  bodies,  the  color  is  removed  by  the  addition  of  am- 
monia, f 

*  Mix  3  drops  of  strong  nitric  acid  with  100  c.c.  water,  and  add 
10  drops  of  this  to  40  c.c.  of  pure  strong  sulphuric  acid. 

t  For  the  detection  of  small  quantities  of  morphine,  Lefort  recommends 
to  moisten  strips  of  white  blotting-paper  repeatedly  with  the  solution, 
drying  after  each  moistening.  Nitric  acid,  ferric  chloride,  and  iodic  acid 
and  ammonia,  will  give  the  reactions  on  the  paper  plainly. 
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Group  II. 

NARCOTINE.      QUININE.  CINCHONINE. 

Narcotine. 

1.  Narcotine  appears  usually  as  colorless  brilliant  rhombic 
prisms,  or  a  white  loose  crystalline  powder.  It  is  insoluble 
in  water.  Alcohol  and  ether  dissolve  it  sparingly  in  the  cold, 
but  somewhat  more  readily  on  heating.  The  solid  narcotine 
is  tasteless,  the  alcoholic  and  ethereal  solutions  are  intensely 
bitter.  The  alkaloid  does  not  alter  vegetable  colors.  It  fuses 
at  170°. 

2.  The  salts  of  narcotine  have  invariably  an  acid  reaction. 
Those  with  weak  acids  are  decomposed  by  a  large  amount  of 
water,  and,  if  the  acid  is  volatile,  even  by  simple  evaporation. 
Most  of  the  salts  are  amorphous  and  soluble  in  water,  alcohol, 
and  ether ;  they  have  a  bitter  taste. 

3.  The  alkalies,  their  carbonates  and  their  acid  carbonates 
immediately  precipitate  narcotine  from  solutions  of  its  salts, 
in  the  form  of  a  white  powder,  which  when  magnified  one 
hundred  times,  appears  as  an  aggregate  of  crystalline  needles. 
The  precipitate  is  insoluble  in  excess  of  either  precipitant.  If 
a  solution  of  a  narcotine  salt  is  mixed  with  ammonia,  and 
shaken  with  ether,  the  alkaloid  dissolves  in  the  latter.  If  a 
drop  of  the  ethereal  solution  is  evaporated  on  a  watch-glass, 
the  residue  is  seen,  when  magnified  one  hundred  times,  to  con- 
sist of  distinct  needles. 

4.  Strong  nitric  acid  dissolves  narcotine  to  a  colorless 
fluid,  which  becomes  yellow  on  heating. 

5.  Strong  snjphuric  acid  acts  dificrently  upon  difierent 
specimens  of  narcotine.  Those  that  are  apparently  the  purest 
give  a  bluish  violet  solution  which  in  a  short  time  becomes 
dirty  orange ;  specimens  which  appear  less  pure  give  a  yellow 
solution  at  once.  If  the  yellow  solution  in  either  case  is 
warmed  very  gradually  it  becomes  at  first  orange  red,  subse- 
quently beautiful  bluish  stripes  are  produced,  and  finally,  when 
the  sulphuric  acid  begins  to  evaporate,  an  intense  reddish 
violet  color  is  formed.  If  the  heating  is  interrupted  when  the 
blue  color  is  present,  the  solution  slowly  becomes  cherry  red 
in  the  cold.    The  reaction  is  very  delicate.  (Husemann."^) 

*  Zeitsclir.  f.  anal.  Ohem.,  3, 151. 
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6.  If  to  a  solution  of  narcotine  in  strong  sulphuric  acid 
prepared  in  the  cold,  1 0  to  20  drops  of  sulphuric  acid  contain- 
ing a  minute  quantity  of  nitric  acid  (footnote,  p.  204)  are  added, 
and  then  two  or  three  drops  of  water,  the  fluid  becomes  in- 
tensely red.  Addition  of  binoxide  of  manganese  does  not 
change  the  color.  If  the  solution  is  diluted  and  ammonia  is 
added  in  excess,  a  dark  brown  precipitate  is  produced.  It  to 
a  solution  of  narcotine  in  strong  sulphuric  acid,  prepared  in 
the  cold,  chloride  of  soda  is  added,  a  distinct  and  rather  per- 
manent crimson  color  is  produced,  which  passes  into  yellowish 
red.  The  solution  of  narcotine  in  strong  sulphuric  acid,  which 
has  been  colored  by  heat,  is  turned  immediately  bright 
yellow  by  nitric  acid  or  chloride  of  soda,  and  a  more  reddish 
coloration  appears  gradually  (Husemann). 

7.  Chlorine-water  added  to  solution  of  a  narcotine  salt 
gives  a  yellow  color,  slightly  inclining  to  green.  On  the  ad- 
dition of  ammonia  a  yellowish  red  and  much  more  intense 
color  is  produced. 

8.  If  a  salt  of  narcotine  is  dissolved  in  excess  of  dilute 
sulphuric  acid,  mixed  with  finely  powdered  binoxide  of 
manganese,  and  boiled  for  some  minutes,  the  alkaloid  is  de- 
composed. On  filtering,  and  adding  ammonia  to  the  filtrate, 
no  precipitate  will  be  obtained. 

Quinine. 

1.  Quinine  appears  either  in  the  form  of  fine  crystalline 
needles  of  silky  lustre,  which  are  frequently  aggregated  into 
tufts,  or  as  a  loose  powder.  It  is  sparingly  soluble  in  cold,  but 
somewhat  more  readily  in  hot  water.  It  is  readily  soluble  in 
alcohol,  both  cold  and  hot,  but  less  soluble  in  ether.  The 
taste  of  quinine  is  intensely  bitter.  The  solutions  manifest 
alkaline  reaction.    Upon  exposure  to  heat  it  loses  water. 

2.  The  salts  of  quinine  are  intensely  bitter.    Most  of 
them  are  crystallizable,   difficultly   soluble   in  cold  water, 
more  readily  soluble  in  hot  water  and  alcohol.    The  acid 
salts  dissolve  very  freely  in  water;  the  solutions  reflect  a 
bluish  tint. 

3.  The  alkalies  and  their  carbonates  produce,  in  solutions 
of  the  salts  (if  not  too  dilute),  a  white  loose  pulverulent 
precipitate  of  quinine,  which  immediately  after  precipitation  ap- 
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pears  opaque  and  amorphous  under  the  microscope^  but  assumes, 
after  the  lapse  of  some  time,  the  appearance  of  an  aggregate 
of  crystalline  needles.  The  precipitate  redissolves  only  to  a 
scarcely  perceptible  extent  in  excess  of  potash,  but  it  is  more 
soluble  in  ammonia.  It  is  hardly  more  soluble  in  potassium 
or  sodium  carbonate  than  in  water.  If  a  solution  of  a  quinine 
salt  is  mixed  with  ammonia,  and  shaken  with  ether,  the  latter 
dissolves  the  quinine.  In  this  last  reaction  quinine  differs 
essentially  from  cinchonine. 

4.  Acid  carbonate  of  sodium  produces  in  neutral  and  acid 
solutions  of  quinine  a  white  precipitate.  If  the  solution 
contains  I  per  cent,  of  the  alkaloid,  a  precipitate  appears  im- 
mediately ;  if  the  solution  contains  '7  per  cent.,  the  precipitate 
separates  only  after  an  hour  or  two ;  and  if  the  solution 
contains  '5  per  cent.,  the  fluid  remains  clear  at  first,  and  a 
slight  precipitate  forms  in  the  course  of  twelve  or  twenty-four 
hours.  The  precipitate  is  not  altogether  insoluble  in  excess 
of  the  precipitant ;  it  is  well,  therefore,  not  to  have  much 
excess.    The  precipitate  contains  carbonic  acid. 

5.  Strong  nitric  acid  dissolves  quinine  to  a  colorless  fluid, 
turning  yellowish  upon  application  of  heat. 

6.  Chlorine  water  produces  no  apparent  change  until  am- 
monia is  added,  when  a  deep  emerald  green  color  makes  its 
appearance.  If,  after  the  addition  of  chlorine  water,  some 
ferrocyanide  of  potassium  is  added,  and  then  a  few  drops  of 
ammonia,  the  fluid  acquires  a  magnificent  deep  red  tint,  which 
soon  turns  to  dirty  brown.  This  reaction  is  delicate  and 
characteristic.  Upon  addition  of  an  acid  to  the  red  fluid,  the 
color  vanishes,  but  reappears  afterwards  upon  cautious  addition 
of  ammonia. 

7.  Strong  sulphuric  acid  dissolves  the  pure  salts  of  quinine 
to  a  colorless  or  very  faint  yellowish  fluid,  which  turns  yellow 
or  brown  on  the  application  of  heat.  Sulphuric  acid,  con- 
taining some  nitric  acid,  dissolves  quinine  to  a  colorless  or 
very  faint  yellowish  fluid. 

8.  As  regards  the  polarizing  properties  of  iodide  of  sul- 
phate of  quinine,  see    Phil.  Mag.,"^  6,  171. 

Cinchonine. 

1.    Cinchonine  appears  either    as   transparent  brilliant 
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rhombic  prisms_,  or  fine  white  needles_,  or  a  loose  powder.  At 
first  it  is  tasteless,,  but  after  some  time  the  bitter  taste  becomes 
perceptible.  It  is  nearly  insoluble  in  cold  water,  and  dis- 
solves only  with  extreme  difficulty  in  hot  water ;  it  dissolves 
sparingly  in  cold  dilute  alcohol^  more  readily  in  hot  alcohol^ 
and  freely  in  absolute  alcohol.  From  hot  alcoholic  solutions 
the  greater  portion  of  the  alkaloid  separates  upon  cooling  in 
a  crvstalline  form.  Solutions  of  cinchonine  taste  bitter,  and 
manifest  alkaline  reaction.  Cinchonine  is  insoluble  in  ether.^ 
Cinchonine  may  be  sublimed^  preferably  in  a  current  of 
hydrogen. 

2.  The  salts  of  cinchonine  have  a  bitter  taste ;  most  of 
them  are  crystallizable ;  they  are  generally  more  readily 
soluble  in  water  and  alcohol  than  the  corresponding  quinine 
salts.    They  are  insoluble  in  ether. 

3.  The  alkalies  and  their  carbonates  produce  a  white  loose 
precipitate  of  cinchonine^  which  does  not  redissolve  in  excess 
of  any  of  the  precipitants.  If  the  solution  was  concentrated, 
the  precipitate  does  not  appear  distinctly  crystalline — even 
when  magnified  200  times  ;  if  the  solution  was  very  dilute, 
and  the  precipitate  only  formed  after  some  time,  it  appears 
under  the  microscope  to  consist  of  distinct  needles  aggregated 
into  tufts. 

4.  Acid  carbonate  of  potassium  or  of  sodium  precipitates 
cinchonine  both  from  neutral  and  acidified  solutions  of  its 
salts,  but  not  so  completely  as  the  carbonate  of  potassium  or 
sodium.  A  precipitate  forms  immediately  in  solutions  con- 
taining only  "5  per  cent,  of  cinchonine 

5.  Strong  sulphuric  acid  dissolves  cinchonine  to  a  colorless 
fluid,  which  on  heating  turns  black.  Addition  of  nitric  acid 
leaves  the  solution  colorless  in  the  cold,  but  on  heating  a  black 
color  is  developed. 

6.  Chlorine  water  gives  no  color  to  a  solution  of  a  cincho- 
nine salt.  If  ammonia  is  also  added,  a  yellowish  white  pre- 
cipitate is  formed. 

7.  If  a  solution  of  a  cinchonine  salt  containing  very  little 
or  no  free  acid,  is  mixed  with  ferrocyanide  of  potassium,  a 

*  The  cinchonine  of  commerce  usually  contains  another  alkaloid,  called 
cinchotine,  which  is  soluble  in  ether.  Cinchotine  crystallizes  in  large 
rhomboidal  crystals  of  brilliant  lustre,  which  fuse  at  a  high  temperature, 
and  cannot  be  sublimed,  even  in  a  current  of  hydrogen. 
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flocculent  precipitate  of  hydroferrocyanide  of  cinclioniiie  is 
formed.  If  an  excess  of  the  precipitant  is  added^  and  a 
gentle  heat  very  slowly  applied,  the  precipitate  dissolves,  but 
separates  again  upon  cooling,  in  brilliant  golden  scales,  or  in 
long  needles,  often  aggregated  in  the  shape  of  a  fan.  With 
the  aid  of  a  microscope  this  reaction  is  as  delicate  as  it  is 
characteristic. 

Group  III. 

STRYCHNINE.      BRUCINE.  VERATRINE. 

Strychnine. 

1.  Strychnine  appears  in  the  form  of  brilliant  rhombic 
prisms,  or  a  white  powder.  It  has  an  extremely  bitter  taste. 
It  is  nearly  insoluble  in  cold,  and  barely  soluble  in  hot  water. 
It  is  almost  insoluble  in  absolute  alcohol  and  ether,  and  only 
sparingly  soluble  in  dilute  alcohol.  It  dissolves  freely  in 
amyl  alcohol,  especially  with  the  aid  of  heat.  It  is  also 
soluble  in  benzol  and  chloroform.  By  cautious  heating  it 
may  be  sublimed  unchanged  (Helwig,  see  note,  p.  203). 

2.  The  salts  of  strychnine  are  for  the  most  part  crystal- 
lizable ;  they  are  soluble  in  water.  All  the  salts  have  an  in- 
tolerably bitter  taste. 

3.  Potash  produces  in  solutions  of  strychnine  salts  a 
precipitate  of  strychnine,  which  is  insoluble  in  excess  of 
potash.  Magnified  100  times  it  is  seen  to  consist  of  needles. 
From  dilute  solutions  the  precipitate  separates  only  after  some 
time,  and  then  has  the  form  of  needles  visible  to  the  naked 
eye. 

4.  Carbonate  of  sodium  produces  the  same  precipitate,  in- 
soluble in  excess. 

5.  Ammonia  produces  the  same  precipitate.  It  redissolves 
in  excess  of  ammonia ;  but  after  some  time  the  alkaloid 
separates  in  the  form  of  needles,  visible  to  the  naked  eye. 

6.  Acid  carbonate  of  sodium  produces  in  neutral  solutions 
a  precipitate  of  strychnine,  which  separates  in  fine  needles 
shortly  after  the  addition  of  the  reagent,  and  is  insoluble  in 
an  excess  of  the  precipitant.  But  upon  adding  one  drop  of 
acid  (so  as  to  leave  the  fluid  still  alkaline),  the  precipitate 
dissolves  readily  in  the  liberated  carbonic  acid.    The  addition 
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of  acid  carbonate  of  sodium  to  an  acid  solution  of  strychnine 
causes  no  precipitation ;  and  it  is  only  after  the  lapse  of 
twenty-four  hours,  or  more,  that  the  alkaloid  crystallizes  from 
the  fluid  in  distinct  prisms,  in  proportion  as  the  free  carbonic 
acid  escapes.  If  a  concentrated  solution  of  strychnine,  super- 
saturated with  acid  carbonate  of  sodium,  is  boiled  for  some 
time,  a  precipitate  forms  at  once ;  from  dilute  solutions  this 
precipitate  separates  only  after  concentration. 

7.  SulpJio cyanide  of  potassium  produces  in  concentrated 
solutions  of  salts  of  strychnine  immediately,  in  dilute  solu- 
tions after  some  time,  a  white  crystalline  precipitate,  which 
appears  under  the  microscope  as  an  aggregate  of  flat  needles, 
truncated  or  pointed  at  an  acute  angle,  and  is  but  little  soluble 
in  an  excess  of  the  precipitant. 

8.  Mercuric  chloride  produces  in  solutions  of  salts  of 
strychnine  a  white  precipitate,  which  changes  after  some 
time  to  crystalline  needles,  aggregated  into  stars,  and  dis- 
tinctly visible  through  a  lens.  Upon  heating  the  fluid 
these  crystals  redissolve,  and  upon  subsequent  cooling  the 
double  compound  recrystallizes  in  larger  needles. 

9.  If  a  few  drops  of  strong  sulphuric  acid  are  added  to  a 
little  strychnine  in  a  porcelain  dish,  solution  ensues,  without 
coloration  of  the  fluid.  If  small  quantities  of  oxidizing  agents 
(chromate  of  potassium,  permanganate  of  potassium,  ferri- 
cyanide  of  potassium,  peroxide  of  lead,  binoxide  of  manganese) 
are  now  added,  in  the  solid  form,  the  fluid  acquires  a  mag- 
nificent bluish-violet  color,  which,  after  some  time,  changes  to 
wine-red,  then  to  reddish-yellow.  With  chromate  of  potas- 
sium and  permanganate  of  potassium  the  reaction  is  imme- 
diate ;  on  inclining  the  dish,  blue  violet  streaks  are  seen  to 
flow  from  the  salt  fragment,  and  by  pushing  the  latter  about 
the  coloration  is  soon  imparted  to  the  entire  fluid.  With 
ferricyanide  of  potassium  the  reaction  is  less  rapid  ;  but  it  is 
slowest  with  peroxides.  The  more  speedy  the  manifestation 
of  the  reaction  the  more  rapid  is  also  the  change  of  color  from 
one  tint  to  another.  I  prefer  chromate  of  potassium  or  per- 
manganate of  potassium  to  all  other  oxidizing  agents.  Jordan 
succeeded,  with  chromate  of  potassium,  in  distinctly  showing 
the  presence  of  5000  o^h  grain  of  strychnine.  J .  Erdmann  pre- 
fers binoxide  of  manganese  in  lentil-sized  fragments.  Me- 
tallic chlorides  and  considerable  quantities  of  nitrates,  also 
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large  quantities  of  organic  substances^  prevent  the  manifesta- 
tion of  the  reaction  or  impair  its  delicacy.  It  is  therefore 
always  advisable  to  free  the  strychnine  firsts  as  far  as  prac- 
ticable^ from  all  foreign  matters  before  proceeding  to  try  this 
reaction. 

Morphine  interferes  with  this  reaction.*  In  order  to  re- 
move the  morphine^  the  concentrated  aqueous  neutral  solution 
of  the  substance  is  mixed  with  ferricyanide  of  potassium  or 
neutral  chromate  of  potassium  and  filtered.  The  precipitate 
contains  the  strychnine,  the  solution  the  morphine.  The  pre- 
cipitate is  washed  a  little^  dried^  and  mixed  in  a  watch-glass 
with  strong  sulphuric  acid.  The  blue-violet  color  is  imme- 
diately produced.  It  should  be  borne  in  mind  that  the 
strychnine  precipitate  is  not  insoluble  in  water.f 

10.  Strong  chlorine  water  produces  in  solutions  of  strych- 
nine salts  a  white  precipitate^  which  is  soluble  in  ammonia  to 
a  colorless  fluid. 

11.  Strong  nitric  acid  dissolves  strychnine  and  its  salts  to 
a  colorless  fluid_,  which  turns  yellow  when  heated. 

Brucine. 

1.  Brucine  appears  either  in  the  form  of  transparent 
straight  rhombic  prisms_,  or  in  that  of  crystalline  needles 
aggregated  into  stars,  or  as  a  white  powder  composed  of 
minute  crystalline  scales.  Brucine  is  difficultly  soluble  in 
cold  water^  but  somewhat  more  readily  in  hot.  It  dissolves 
freely  in  alcohol,  both  absolute  and  dilute  ;  it  dissolves  freely 
in  cold^  but  more  readily  in  hot  amyl  alcohol ;  but  it  is  almost 
insoluble  in  ether.  Its  taste  is  intensely  bitter.  It  may  be 
sublimed.     (See  Note  p.  203.) 

2.  The  salts  of  brucine  are  readily  soluble  in  water,  and 
of  an  intensely  bitter  taste.     Most  of  them  are  crystallizable. 

3.  Potash  throws  down  brucine  from  its  salts ;  the  pre- 
cipitate is  insoluble  in  excess  of  the  precipitant.  Viewed 

*  See  Eeese,  Zeitschr.  f.  anal.  Chem.,  1,  399.  Horsley,  Ibid.  1,  515. 
Thomas,  Ihid.  1,  617. 

t  Eyodgers  recommends  to  separate  strychnine  from  morphine  by 
benzol,  in  which  the  former  alone  is  solnble,  Thomas  recommends  to 
render  the  solution  of  the  acetates  alkaline  with  potash,  and  to  shake 
Avith  chloroform ;  the  morphine  remains  in  the  alkaline  solution,  while 
the  strychnine  dissolves  in  the  chloroform. 

p2 
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under  the  microscope^  immediately  after  precipitation^  it 
appears  to  consist  of  very  minute  grains ;  but  upon  further 
inspection,,  these  grains  are  seen — with  absorption  of  water — 
to  suddenly  form  into  needles^  which  latter  subsequently 
arrange  themselves  without  exception  into  concentric  groups. 
These  successive  changes  of  the  precipitate  may  be  distinctly 
traced  even  with  the  naked  eye. 

4.  Carbonate  of  sodium  produces  the  same  effect  as  potash. 

5.  Ammonia  produces  in  solutions  of  brucine  salts  a  whitish 
precipitate^  which  appears  at  first  like  a  number  of  minute 
drops  of  oil^  but  changes  subsequently,  with  absorption  of 
water,  to  small  needles.  The  precipitate  redissolves,  imme- 
diately after  separation,  very  readily  in  an  excess  of  the  pre- 
cipitant ;  but  after  a  very  short  time,  unless  the  solution  is 
very  dilute,  the  brucine  crystallizes  out  in  small  concentrically 
grouped  needles,  which  are  insoluble  in  excess  of  ammonia. 

6.  Acid  carbonate  of  sodium  precipitates  brucine  from 
neutral  solutions  of  its  salts.  The  precipitate  separates  after 
some  time  in  the  form  of  concentrically  aggregated  needles  of 
silky  lustre,  which  are  insoluble  in  an  excess  of  the  precipitant, 
but  dissolve  in  free  carbonic  acid  (compare  strychnine).  Acid 
carbonate  of  sodium  fails  to  precipitate  acid  solutions  of  brucine 
salts ;  and  it  is  only  after  a  long  time,  and  with  escape  of  car- 
bonic acid,  that  the  alkaloid  separates  in  regular  and  compara- 
tively large  crystals. 

7.  Strong  nitric  acid  dissolves  brucine  and  its  salts  to  in- 
tensely red  fluids,  which  subsequently  acquire  a  yellowish-red 
color,  and  turn  yellow  when  heated.  Upon  addition  of 
stannous  chloride  or  sulphide  of  ammonium  to  the  heated  fluid, 
no  matter  whether  it  remains  concentrated  or  has  been  diluted, 
the  faint  yellow  color  turns  to  a  most  intense  violet. 

8.  If  a  little  brucine  is  treated  with  4  or  5  drops  of  strong 
sulphuric  acid,  a  solution  of  a  faint  rose  color  is  obtained, 
which  afterwards  turns  yellow.  If  10  or  20  drops  of  sulphuric 
acid  mixed  with  nitric  acid  (see  Note  p.  204)  are  now  added, 
the  fluid  transiently  acquires  a  red,  afterwards  a  yellow  tint. 
Addition  of  binoxide  of  manganese  transiently  imparts  a  red, 
then  a  gamboge  tint  to  the  fluid.  If  the  fluid  is  then,  with 
proper  cooling,  diluted  with  4  parts  of  water  and  mixed  with 
ammonia  to  alkaline  reaction,  a  golden-yellow  color  is  formed 
(J.  Erdmann). 
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9.  Chlorine  water  gives  a  bright  red  color  to  solutions  of 
brucine  salts.  If  ammonia  is  then  added^  the  color  changes 
to  yellowish  brown. 

10.  Sulphocyanide  of  potassium  produces  in  strong  solu- 
tions immediately,  in  dilute  solutions  after  some  time,  a 
granular  crystalline  precipitate,  which,  under  the  microscope, 
appears  composed  of  variously  aggregated  polyhedral  crystal- 
line grains.  Friction  promotes  the  separation  of  the  pre- 
cipitate. 

11.  Mercuric  chloride  produces  a  white  granular  precipi- 
tate, which,  under  the  microscope,  appears  composed  of  small 
roundish  crystalline  grains. 

Veratrine. 

1.  Veratrine  appears  in  the  form  of  small  prismatic 
crystals,  which  acquire  a  porcelain-like  appearance  in  the  air, 
or  in  the  form  of  a  white  powder,  of  acrid  and  burning,  but 
not  bitter  taste.  It  is  exceedingly  poisonous.  The  most 
minute  quantity  of  veratrine  is  capable  of  exciting  most  violent 
sneezing.  It  is  insoluble  in  water.  In  alcohol  it  dissolves 
freely;  but  in  ether  it  is  not  so  soluble.  It  fuses  like  wax  at 
115°,  and  solidifies  on  cooling  to  a  transparent  yellow  mass. 
By  cautious  heating  it  may  be  sublimed  unchanged  (see  Note, 
p.  203). 

2.  Some  of  the  salts  of  veratrine  are  crystallizable,  others 
dry  up  to  a  gummy  mass.  They  are  soluble  in  water,  and 
have  an  acrid  burning  taste. 

3.  Potash,  ammonia  J  and  the  alkaline  carbonates  produce 
in  solutions  of  veratrine  salts  a  flocculent  white  precipitate, 
which,  immediately  after  precipitation,  does  not  appear  crys- 
talline under  the  microscope.  After  a  few  minutes,  however, 
it  alters  its  appearance,  and  small  scattered  clusters  of  short 
prismatic  crystals  are  observed,  instead  of  the  original  flakes. 
The  precipitate  does  not  redissolve  in  excess  of  potash  or  car- 
bonate of  potassium.  It  is  slightly  soluble  in  ammonia  in  the 
cold,  but  the  dissolved  portion  separates  again  upon  application 
of  heat. 

4.  Acid  carbonate  of  sodium  produces  the  same  effect  with 
veratrine  salts  as  with  those  of  strychnine  and  brucine.  How- 
ever, the  veratrine  separates  readily  upon  boiling,  even  from 
dilute  solutions. 
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5.  Strong  nitric  acid  causes  veratrine  to  agglutinate  into 
small  resinous  lumps,  which  afterwards  dissolve  slowly  in  the 
acid.    If  the  alkaloid  is  pure,  the  solution  is  colorless. 

6.  Strong  sulphuric  acid  also  causes  veratrine  to  aggluti- 
nate into  lumps ;  but  these  dissolve  with  great  readiness  to  a 
faint  yellow  fluid,  the  color  of  which  gradually  increases  in 
depths  and  changes  afterwards  to  a  reddish  yellow,  and  then 
to  an  intense  blood-red.  The  color  lasts  two  or  three  hours, 
then  gradually  disappears.  Addition  of  sulphuric  acid  con- 
taining nitric  acid,  or  of  binoxide  of  manganese  causes  no 
great  change  of  color.  If  the  fluid  is  then  diluted  with  water, 
and  ammonia  added  until  the  reaction  is  nearlv  neutral,  a 
yellowish  solution  is  obtained,  in  which  ammonia  added  in 
excess  produces  a  light-brown  precipitate.     (J.  Erdmann.) 

7.  If  veratrine  is  dissolved  in  strong  hydrochloric  acid,  a 
colorless  fluid  is  obtained,  which  by  long  boiling  acquires  an 
intensely  red  tint,  permanent  on  standing.  The  reaction  is 
very  delicate,  and  occurs  not  only  with  the  perfectly  pure 
veratrine  but  with  the  ordinary  commercial  alkaloid.  (Trapp.) 

8.  Sulphocyanide  of  potassium  produces  only  in  concen- 
trated solutions  a  flocculent-gelatinous  precipitate. 

9.  Chlorine  water  added  to  solutions  of  salts  of  veratrine, 
gives  a  yellowish  color,  which  turns  to  a  faint  brown  on  addi- 
tion of  ammonia.  In  concentrated  solutions,  chlorine  pro- 
duces a  white  precipitate. 

Although  salicine  is  not  an  alkaloid,  its  reactions  may  find 
a  place  here. 

Salicine. 

1.  Salicine  appears  either  in  the  form  of  white  needles  and 
scales  of  silky  lustre,  or,  where  the  crystals  are  very  small,  as 
a  powder  of  silky  lustre.  It  has  a  bitter  taste,  is  readily 
soluble  in  water  and  in  alcohol,  but  is  insoluble  in  ether. 

2.  No  reagent  precipitates  salicine  as  such. 

3.  If  salicine  is  treated  with  strong  sulphuric  acid,  it 
agglutinates  into  a  resinous  lump,  and  acquires  an  intense 
blood-red  color,  without  dissolving  in  the  acid;  the  color  of 
the  acid  is  at  first  unaltered. 

4.  If  an  aqueous  solution  of  salicine  is  mixed  with  hydro- 
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chloric  acid  or  dilute  sulphuric  acid  and  boiled  for  a  short  time_, 
the  fluid  suddenly  becomes  turbid^  and  deposits  a  fine  granular 
crystalline  precipitate  (saliretine) .  If  to  the  mixed  fluid  and 
precipitate  a  drop  or  two  of  cbromate  of  potassium  is  added, 
and  the  whole  is  boiled,  the  saliretine  acquires  a  fine  red 
color,  while  the  fluid  turns  green  from  reduction  of  the  chromic 
acid.  (Bouxlier.) 
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THE  VOLATILE  ALKALOIDS. 

The  volatile  alkaloids  are  most  easily  recognised  wlien  isolated. 
They  are  isolated  by  distilling  with  potash_,  neutralizing  the 
distillate  with  oxalic  acid,  evaporating,  taking  up  the  residue 
with  alcohol,  evaporating,  treating  with  water,  shaking  with 
potash  and  ether,  pouring  off  the  ethereal  solution,  and  allow- 
ing it  to  evaporate  spontaneously. 

The  two  alkaloids  are  distinguished  from  each  other  chiefly 
by  their  odor,  their  solubility  in  water,  and  their  behaviour 
with  chlorine  water,  with  chloride  of  platinum,  and  with 
albumen. 

THE  NON-VOLATILE  ALKALOIDS. 
Group  II. 

To  separate  the  three  members  of  this  group  from  each 
other,  the  aqueous  solution  is  mixed  with  excess  of  ammonia, 
and  shaken  with  ether ;  the  ethereal  solution  is  then  poured 
off.  The  cinchonine  is  left  in  the  aqueous  fluid ;  the  narco- 
tine  and  quinine  dissolve  in  the  ether.  The  ethereal  solution 
is  evaporated,  the  residue  dissolved  in  hydrochloric  acid, 
diluted  to  contain  *5  per  cent,  of  the  alkaloids,  and  mixed 
with  acid  carbonate  of  sodium.  The  narcotine  is  precipitated, 
while  the  quinine  remains  in  solution.  By  filtering,  evapo- 
rating the  solution,  and  treating  the  residue  with  water,  the 
quinine  is  left  behind  in  the  pure  state. 

*  If  it  is  wanted  to  separate  quinine  not  only  from  cinchonine,  but  also 
from  the  other  bark  alkaloids  (a  quinidine,  ^  quinidine,  y  qninidine  and 
cinchonidine),  this  process  with  ammonia  and  ether  is  inadequate,  since 
some  of  these  other  alkaloids  are  pretty  freely  soluble  in  ether  (Kerner, 
Zeitschr.  f.  anal.  Ohem.,  1, 150).  Kerner  gives  a  process  based  on  the  fact 
that  the  quinine  thrown  down  by  ammonia  from  a  solution  of  the  sulphate 
requires  less  ammonia  to  redissolve  it  than  all  the  other  bark  alkaloids. 
For  the  separation  of  quinine  from  quinidine  see  also  Schwarzer  (Op.  cit., 
4,  129) ;  and  for  the  separation  of  the  bark  alkaloids  in  general  see  van 
der  Burg  (Op.  cit.,  4,  273). 
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Group  III. 

Strychnine  may  be  separated  from  brucine  and  veratrine  by 
absolute  alcohol,  in  which  it  is  insoluble,  and  brucine  and 
veratrine  are  readily  soluble.  Brucine  and  veratrine  are  not 
easily  separated  from  each  other,  but  may  be  detected  in  the 
presence  of  each  other. 

The  identity  of  strychnine  is  best  established  by  the  re- 
action with  sulphuric  acid  and  an  oxidizing  agent,^  by  the 
form  of  its  crystals  when  thrown  down  by  alkalies,  and  seen 
under  the  microscope,  and  by  the  form-  of  the  precipitates 
with  sulphocyanide  of  potassium  and  mercuric  chloride. 

The  identity  of  brucine  is  best  established  by  the  reactions 
with  nitric  acid  and  stannous  chloride  or  sulphide  of  am- 
monium, or  by  the  form  of  the  crystalline  precipitate  produced 
by  ammonia. 

Veratrine  is  sufficiently  distinguished  from  brucine  and 
from  all  the  other  alkaloids  mentioned,  by  its  characteristic  de- 
portment at  a  gentle  heat,  and  also  by  the  form  of  the  precipitate 
produced  by  alkalies.  To  distinguish  veratrine  in  presence  of 
brucine,  the  reaction  with  strong  sulphuric  acid  or  with  hydro- 
chloric acid  is  employed. 

Detection  of  One  of  the  Five  Poisonous  Alkaloids 
(Morphine,  Narcotine,  Strychnine,  Brucine,  Vera- 
trine), WHEN  Present  in  the  Pure  State,  and  in  the 
Solid  Form.     (J.  Erdmann.) 

1 .  Treat  the  substance  with  4  or  5  drops  of  pure  strong  sul- 
phuric acid. 

A  yellow  color,  soon  changing  to  red.  Veratrine. 
A  rose  color,  changing  gradually  to  yellow.  Brucine. 
(Morphine,  narcotine,t  and  strychnine  if  pure,  give  no 
color  to  sulphuric  acid). 

2.  No  matter  whether  there  is  color  or  not,  add  to  the  fluid 

*  Aniline  shows  somewhat  similar  reactions  when  treated  with  snl- 
phnric  acid  and  oxidizing  agents.  It  at  first  gives  a  pale  green  color, 
which  turns  gradually  to  a  magnificent  blue,  and  finally,  after  some  time, 
black. 

t  Husemann  says  that  many  narcotines  do  color  sulphuric  acid. 
See  p.  205,  5.    .     -  . 
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obtained  in  1^  from  10  to  20  drops  of  strong  sulphuric  acid 
containing  nitric  acid  (see  note_,  p.  204),  then  2  or  3  drops 
of  water.    After  twenty  or  thirty  minutes,  the  fluid  shows 
A  violet-red  color.  Morphine. 
An  onion-red  color.  Narcotine. 
A  yellow  color  (after  a  transient  red).  Brucine. 
With  Veratrine  the  red  color  of  the  sulphuric  acid  solu- 
tion is  not  materially  altered. 
With  Strychnine  no  coloration  is  observed. 

3.  Put  into  the  fluid  obtained  in  2,  whether  colored  or  not, 
4  or  5  clean  fragments  of  binoxide  of  manganese,  of  the  size 
of  a  lentil.    After  an  hour  the  fluid  shows 

A  mahogany  color.  Morphine. 

A  yellowish-red  to  blood-red  color.  Narcotine. 

A  deep  onion-red  color  (after  a  transient  purple  violet). 

Strychnine. 

A  gamboge  color  (after  a  transient  red).  Brucine. 
A  dark  cherry-red  color.  Veratrine. 

4.  Pour  the  colored  fluid  obtained  in  3,  into  a  test  tube  con- 
taining four  times  the  volume  of  water,  and  add  ammonia  till 
the  acid  is  almost  neutralized.  (Heat  must  be  avoided  as 
much  as  possible  in  these  operations.) 

A  dirty  yellow  color ^  changing  to  brownish-red  upon  super- 
saturation  with  ammonia,  without  immediate  deposition 
of  a  notable  precipitate.  Morphine. 

A  reddish  coloration ;  upon  super  saturation  with  ammonia, 

a  copious  dark-brown  precipitate.  Narcotine. 

A  violet  purple  color ^  turning  yellowish-green  to  yellow  on 

sapersaturation  with  ammonia.  Strychnine. 

A  golden  yellow  color,  not  materially  changed  by  excess  of 

ammonia.  Brucine. 

A  faint  brownish  color,  turning  yellowish  upon  supersatu- 
ration  with  ammonia,  a  light  brown  precipitate  being  de- 
posited. Veratrine. 

Detection  of  one  of  the  Non-volatile  Alkaloids,  or  of 
Salicine,  when  present  in  an  Aqueous  Solution 
alone. 

1.     Add  dilute  potash,  drop  by  drop,  to  a  portion  of  the 
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solution^  until  the  fluid  acquires  a  scarcely  perceptible  alkaline 
reaction ;  stir^  and  allow  to  stand  some  time. 

No  precipitate  is  formed.    Absence  of  alkaloids,,  probable 
presence  of  salicine.    Test  the  original  substance  with 
strong  sulphuric  acid^  and  also  with  hydrochloric  acid. 
A  precipitate  is  formed.    Add  potash^  drop  by  drop^  till 
the  fluid  is  strongly  alkaline. 

The  precipitate  redissotves.    Morphine.    Confirm  by 
testing  a  portion  of  the  original  substance  with  iodic 
acid,  and  another  portion  with  sulphuric  acid  &c. 
The  precipitate  remains  undissolved.    Presence  of  an 
alkaloid  of  Group  II.  or  III.    Pass  on  to  2. 

2.  Add  to  a  second  portion  of  the  original  solution  2 
or  3  drops  of  dilute  sulphuric  acid,  then  a  saturated  solu- 
tion of  acid  carbonate  of  sodium,  until  the  acid  reaction  is  just 
destroyed ;  well  rub  the  inside  of  the  vessel,  and  allow  to 
stand  for  half  an  hour. 

No  precipitate  is  formed.    Absence  of  narcotine  and  cin- 
chonine.    Pass  on  to  3. 

A  precipitate  is  formed.  Narcotine,  cinchonine,  or  per- 
haps quinine.  To  a  portion  of  the  original  solution  add 
ammonia  in  excess,  then  some  ether,  and  shake. 

The  precipitate  formed  by  the  ammonia  redissotves  in 
the  ether.  Narcotine  or  quinine.  Test  a  fresh  por- 
tion of  the  original  solution  with  chlorine  water  and 
ammonia.  If  the  solution  turns  green,  quinine  is 
present ;  if  yellowish-red,  narcotine  is  present.  Con- 
firm for  the  latter  by  testing  with  sulphuric  acid 
mixed  with  nitric  acid. 

The  precipitate  formed  hy  the  ammonia  does  not  redis- 

solve  in  the  ether.     Cinchonine.    Confirm  by  ferro-  ^ 

cyanide  of  potassium. 

3.  Put  a  portion  of  the  original  substance,  or  of  the 
residue  remaining  upon  the  evaporation  of  the  solution,  on  a 
watch-glass,  and  treat  with  strong  sulphuric  acid.  The  solu- 
tion obtained  is 

rose- colored  J  and  becomes  intensely  red  on  addition  of 
nitric  acid.  Brucine.  Confirm  with  nitric  acid  and 
stannous  chloride. 
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Yellow,  and  turns  yellowish-red,  blood-red,  and  finally 
crimson.  Veratrine. 

Colorless,  and  remains  so  after  long-standing.  Add  a 
fragment  of  chromate  of  potassium.  A  deep  blue  color 
indicates  strychnine  ;  no  change  indicates  quinine. 
Confirm  the  result  by  chlorine  water  and  ammonia. 

Detection  of  the  Non-volatile  Alkaloids  and  Salicine 

WHEN  PRESENT  IN  AN  AqUEOUS  SOLUTION  TOGETHER. 

1.  To  a  portion  of  the  solution  add  dilute  potash,  drop  by 
drop,  until  the  fluid  acquires  a  scarcely  perceptible  alkaline 
reaction  ;  stir,  and  allow  to  stand  for  some  time.  If  no  precipi- 
tate is  formed,  alkaloids  are  absent ;  pass  on  at  once  to  2.  If 
a  precipitate  is  formed,  add  some  more  potash,  drop  by  drop, 
till  the  reaction  is  strongly  alkaline.  (If  the  precipitate  is 
completely  redissolved,  morphine  is  the  only  alkaloid  present ; 
test  the  original  solution  with  iodic  acid,  and  with  sulphuric 
acid,  &c. ;  and  then  pass  on  to  2.)  Filter. 

The  filtrate.     Saturate   with    carbonic  acid,   add  acid 
carbonate  of  sodium,  boil  nearly  to  dryness,  and  treat 
with  water.    If  an  insoluble  residue  remains,  morphine 
is  indicated.    Test  with  iodic  acid  and  sulphuric  acid,  &c. 
The  precipitate.    Wash  with  cold  water,  dissolve  in  a  slight 
excess  of  dilute  sulphuric  acid,  add  acid  carbonate  of 
sodium  till  the  acid  reaction  is  neutralized,  rub  the  sides 
of  the  vessel  well,  and  allow  to  stand  one  hour.  Filter. 
The  filtrate.  Boil  nearly  to  dryness,  and  treat  with  cold 
water.     If  an  insoluble  residue  remains,  wash  it  with 
water,  dry  on  the  water  bath,  and  digest  with  absolute 
alcohol.  Filter. 

The  filtrate.  Evaporate  to  dryness  and  divide  into 
three  parts. 

1.  Test  for  brucene  with  nitric  acid  and  stan- 
nous chloride. 

2.  Test  for  veratrine  with  strong  sulphuric 
acid. 

3.  Test  for  traces  of  quinine  with  chlorine  water 
and  ammonia.  If  brucine  has  been  found,  dis- 
solve 3  in  hydrochloric  acid,  add  ammonia  and 
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ether,  allow  to  stand  some  time,  evaporate  the 
ethereal  solution,  and  then  examine  the  residue 
with  chlorine  water  and  ammonia. 
The  residue.  Probably  consists  of  strychnine. 
Test  with  sulphuric  acid  and  chromate  of  po- 
tassium. 

The  precipitate.  Wash  with  cold  water,  dissolve  in  a 
little  hydrochloric  acid,  add  excess  of  ammonia,  then 
some  ether,  and  shake.  Separate  the  clear  ethereal 
solution  from  the  aqueous  fluid  and  precipitate. 

The  ethereal  solution.  Evaporate,  dissolve  in  a 
little  hydrochloric  acid,  add  water  till  the  solution 
contains  not  more  than  '5  per  cent,  of  alkaloids, 
then  acid  carbonate  of  sodium  to  neutralization, 
and  allow  to  stand  some  time.  Filter. 

The  filtrate.  Evaporate  to  dryness,  and  treat 
with  water.  If  an  insoluble  residue  remains, 
wash,  dissolve  in  hydrochloric  acid,  and  test 
for  QUININE  with  chlorine  water  and  am- 
monia. 

The  precipitate.    Test  with  chlorine  water  and 
ammonia,  and  with  sulphuric  acid  and  nitric 
acid  for  narcotine. 
The  aqueous  fluid  and  precipitate.      Collect  the 
precipitate  on  a  filter  and  examine  it  for  cincho- 
NiNE  with  ferrocyanide  of  potassium. 

2.  Mix  a  portion  of  the  original  solution  with  hydro- 
chloric acid  and  boil  for  some  time.  A  precipitate  indicates 
SALiciNE.    Confirm  by  strong  sulphuric  acid. 
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ORGANIC  ACIDS,  OF  COMMON  OCCURRENCE. 

Acids  which  are  precipitated  by  Nitrate  of  Silver  in  presence 

of  Nitric  Acid. 

Hydrocyanic  acid. 
Hydroferrocyanic  acid. 
Hydroferricyanic  acid. 

Acids  which  are  precipitated  by  Chloride  of  Calcium  from 

Neutral  Solutions. 

Oxalic  acid. 
Tartaric  acid. 
Citric  acid. 

Volatile  Acid, 
Acetic  acid. 

Hydrocyanic  Acid. 

1 .  Nitrate  of  silver  produces  a  white  precipitate  of  cyanide 
of  silver  (AgCy),  which  is  readily  soluble  in  cyanide  of  potas- 
sium,  rather  difficultly  soluble  in  ammonia,  and  insoluble  in 
dilute  nitric  acid.  The  precipitate  is  decomposed  by  ignition, 
leaving  silver  and  paracyanide  of  silver. 

2.  If  ferrous  sulphate  and  a  little  ferric  chloride  are  added 
to  a  solution  of  a  cyanide  acidified  with  hydrochloric  acid,  no 
change  takes  place ;  but  if  potash  is  now  added,  a  bluish- 
green  precipitate  forms,  which  consists  of  a  mixture  of  Prussian 
blue  [Fe^(Cygre)3]  and  ferroferric  hydrate.  Upon  warming, 
and  adding  hydrochloric  acid,  the  hydrate  of  iron  dissolves, 
while  the  Prussian  blue  remains.  In  the  presence  of  only 
traces  of  hydrocyanic  acid  the  fluid  simply  appears  green  after 
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the  addition  of  tlie  hydrochloric  acid^,  and  it  is  only  after  long 
standing  that  a  trifling  blue  precipitate  separates. 

3.  If  a  liquid  containing  a  little  hydrocyanic  acid  or 
alkaline  cyanide  is  mixed  with  enough  yellow  sulphide  of 
ammonium  to  give  it  a  yellow  tint,  then  with  a  little  ammonia, 
and  the  mixture  is  warmed  in  a  porcelain  dish  until  it  has 
become  colorless,  and  the  excess  of  sulphide  of  ammonium  is 
decomposed  or  volatilized,  the  fluid  contains  now  sulphocyanide 
of  ammonium.  The  reaction  which  takes  place  may  be  thus 
expressed — 

(NHJgS  .  S  +  HCy  =  NH4CyS  +  NH4HS. 

On  acidifying  with  hydrochloric  acid  (sulphuretted  hydrogen 
should  not  be  disengaged),  and  adding  ferric  chloride,  the 
well-known  blood-red  color  will  be  obtained.  This  reaction 
is  very  delicate.  If  an  acetate  is  present  the  color  is  not 
obtained  till  more  hydrochloric  acid  is  added. 

This  test  maybe  applied  to  insoluble  cyanides  as  follows: — 
Fuse  some  hyposulphite  of  sodium  in  the  loop  of  a  platinum 
wire  till  the  water  of  crystallization  has  escaped  and  the  mass 
swells  out,  dip  it  in  the  substance,  heat  for  a  little  time,  re- 
moving it  from  the  flame  as  soon  as  the  sulphur  begins  to 
burn,  and  then  dip  the  mass  in  a  few  drops  of  ferric  chloride, 
mixed  with  a  little  hydrochloric  acid.  A  permanent  blood- 
red  color  will  be  produced.  If  the  substance  is  heated  too 
long  the  reaction  fails,  as  the  sulphocyanide  of  sodium  formed 
is  then  destroyed  again.  This  method  is  well  adapted  to  dis- 
tinguish chloride,  bromide,  or  iodide  of  silver  from  cyanide 
of  silver.     (A.  Frohde.) 

4.  Neither  of  the  above  methods  zvill  detect  cyanogen  in 
mercuric  cyanide.  If  the  mercury  is  removed  by  sulphuretted 
hydrogen,  hydrocyanic  acid  will  be  formed,  and  may  be 
readily  found.  The  solid  salt  may  be  heated  in  an  ignition 
tube,  when  cyanogen  will  be  evolved,  and  may  be  recognised 
by  its  odor  and  by  its  burning  with  a  crimson  flame. 

Hydroferrocyanic  Acid. 

1.  Nitrate  of  silver  produces  a  white  precipitate  of  ferro- 
cyanide  of  silver  (Ag^CygFe),  which  is  insoluble  in  nitric  acid 
and  ammonia,  and  dissolves  in  cyanide  of  potassium. 
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2.  Ferric  chloride  produces  a  precipitate  of  Prussian  blue 
[Pe,(Cy,Fe)3]. 

3.  Sulphate  of  copper  produces  a  brownish-red  precipitate 
of  ferrocyanide  of  copper  (CugCygFe). 

4.  If  an  alkaline  ferrocyanide  is  mixed  with  hydrochloric 
acid,  and  some  ether  is  added,  bydroferrocyanic  acid  separates 
where  the  two  fluids  meet  in  a  crystalline  form. 

5.  Insoluble  ferrocyanides  are  decomposed  by  being  boiled 
with  potash  ;  ferrocyanide  of  potassium  being  formed,  and  the 
metallic  oxide  separated  if  it  is  insoluble  in  potash. 

6.  When  ferrocyanides  are  heated  with  a  mixture  of 
three  parts  of  strong  sulphuric  acid  and  one  part  of  water  till 
the  free  acid  is  driven  off,  they  are  decomposed,  the  cyanogen 
being  evolved  as  hydrocyanic  acid  and  the  metals  remaining 
as  sulphates. 

7.  On  projecting  a  ferrocyanide  into  fusing  nitre,  carbonic 
acid  and  nitrogen  are  evolved,  while  the  metal  is  left 
behind  in  the  form  of  oxide. 

Hydroferricyanic  Acid. 

1.  Nitrate  of  silver  produces  an  orange  colored  precipitate 
of  ferricyanide  of  silver  (AggCygFe)  which  is  insoluble  in  nitric 
acid,  but  readily  soluble  in  ammonia  and  cyanide  of  potassium. 

2.  Ferric  chloride  does  not  produce  a  blue  precipitate. 

3.  Ferrous  sulphate  produces  a  blue  precipitate  of  ferrous 
ferricyanide  [re3(CygFe)2]. 

4.  Sulphate  of  copper  produces  a  yellowish  green  precipi- 
tate of  ferricyanide  of  copper  [Cu3(CygFe)2],  which  is  insoluble 
in  hydrochloric  acid. 

5.  Insoluble  ferricyanides  are  decomposed  by  being  boiled 
with  potash.  The  solution  filtered  from  the  metallic  oxides 
contains  only  ferricyanide  of  potassium,  or  a  mixture  of  ferro- 
cyanide and  ferricyanide  of  potassium. 

6.  By  heating  with  a  mixture  of  three  parts  of  strong  sul- 
phuric acid  and  one  part  of  water,  the  ferricyanides  are  de- 
composed like  the  ferrocyanides. 

7.  By  fusing  with  nitre  the  ferricyanides  are  decomposed 
like  the  ferrocyanides. 

Oxalic  Acid. 

1.     Chloride  *of  calcium  produces  a  white  pulverulent  pre- 
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cipitate  of  oxalate  of  calcmm  (CaC^O^  +  aq.  and  occasionally 
CaC20^  +  3aq.)  which  is  as  good  as  insoluble  in  water^  almost 
insoluble  in  acetic  acid  and  oxalic  acid^  readily  soluble  in 
hydrochloric  acid  and  nitric  acid.  Ammonium  salts  do  not 
in  the  least  hinder  the  formation  of  the  precipitate.  Ammonia 
favors  the  precipitation  of  free  oxalic  acid.  In  very  dilute 
solutions  the  precipitate  takes  some  time  to  form. 

2.  Lime  water  produces  the  same  precipitate. 

3.  Sulphate  of  calcium  produces  the  same  precipitate. 

4.  If  a  dry  oxalate  is  heated  with  strong  sulphuric  acid,  a 
mixture  of  carbonic  acid  and  carbonic  oxide  escapes  with 
eflPervescence.  The  carbonic  oxide  may  be  lighted  as  it  escapes 
from  the  mouth  of  the  test-tube.  The  sulphuric  acid  is  not 
colored  during  this  reaction. 

5.  If  an  oxalate  is  mixed  with  finely  powdered  binoxide  of 
manganese  (free  from  carbonic  acid)  and  to  the  mixture  a 
little  water  and  strong  sulphuric  acid  are  added^  an  efferves- 
cence will  occur  due  to  the  escape  of  carbonic  acid,  thus 

KgCp^  +  MnOg  +  2H2SO4  =  +  MnSO^  +  2H2O  +  200^ 

Tartaric  Acid. 

1.  Chloride  of  calcium  added  in  excess  to  neutral  tar- 
trates throws  down  a  precipitate  of  tartrate  of  calcium 
(CaC4H^Og  +  4aq.).  Ammoniacal  salts  retard  the  formation 
of  this  precipitate.  Agitation  of  the  fluid  or  friction  on  the 
side  of  the  vessel  promotes  the  separation.  The  precipitate 
is  crystalline^  or  invariably  becomes  so  after  a  short  time.  It 
dissolves  in  cold  potash  pretty  free  from  carbonate  to  a  clear 
fluid ;  but  on  boiling  the  solution,  the  tartrate  of  calcium 
separates  in  the  form  of  a  gelatinous  precipitate,  which  redis- 
solves  on  cooling. 

2.  Lime-water  added  in  excess  to  neutral  tartrates  pro- 
duces the  same  precipitate. 

3.  Sulphate  of  calcium  added  in  excess  produces  a  trifling 
precipitate  in  solutions  of  neutral  tartrates  of  the  alkali  metals 
after  the  lapse  of  some  time. 

4.  Acetate  of  potassium  and  free  acetic  acid  produce  a 
sparingly  soluble  precipitate  of  acid  tartrate  of  potassium 
(KHC^H^Og).  The  separation  of  the  precipitate  is  greatly 
promoted  by  shaking  or  rubbing  with  a  glass  rod.    The  solu- 
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tion  should  be  strong.  The  precipitate  dissolves  readily  in 
mineral  acids  and  alkalies;  neither  tartaric  nor  acetic  acid 
increase  its  solubility  in  water. 

5.  Acetate  of  lead  produces  in  solutions  of  tartaric  acid 
and  of  neutral  tartrates  a  precipitate  of  tartrate  of  lead 
(PbC^H^Og),  which  is  readily  soluble  in  nitric  acid  and 
ammonia. 

6.  Nitrate  of  silver  added  to  a  solution  of  a  neutral 
tartrate  produces  a  white  bulky  precipitate  of  tartrate  of 
silver  (AggC^H^Og).  If  to  the  mixed  precipitate  and  fluid  a 
little  ammonia  is  added  to  redissolve  the  precipitate  nearly, 
but  not  completely,  and  heat  is  applied,  a  mirror  of  silver  will 
be  deposited  on  the  test  tube. 

Citric  Acid. 

1.  Chloride  of  calcium  added  in  excess  to  neutral  citrates 
produces  a  precipitate  of  citrate  of  calcium  \C2u^[Q^firj)^, 
which  is  insoluble  in  potash,  but  readily  soluble  in  chloride  of 
ammonium.  On  boiling  the  solution  of  the  precipitate  in 
chloride  of  ammonium,  the  citrate  of  lime  separates,  but  it  is 
now  insoluble  in  chloride  of  ammonium.  If  a  solution  of 
citric  acid  is  mixed  with  excess  of  chloride  of  calcium,  and 
then  saturated  with  ammonia,  a  precipitate  will  not  form  in 
the  cold  till  after  long  standing ;  but  if  the  clear  solution  is 
boiled,  citrate  of  calcium  is  immediately  precipitated. 

2.  Lime  water  added  in  excess  produces  no  precipitate  in 
the  cold.  But  if  the  solution  is  boiled  for  a  long  time  with 
moderate  excess  of  hot-prepared  lime  water,  a  white  precipitate 
of  citrate  of  calcium  is  produced,  which  disappears  for  the  most 
part  on  cooling. 

3.  Acetate  of  lead  added  in  excess  to  solution  of  citric 
acid  produces  a  precipitate  of  citrate  of  lead  [Pb3(CgH50^)2] 
which,  after  being  washed,  is  readily  soluble  in  ammonia. 

4.  Nitrate  of  sHver  added  to  neutral  citrates  of  the  alkali 
metals  produces  a  precipitate  of  citrate  of  silver  (AggCgHgO^). 
On  treating  this  precipitate  in  the  same  manner  as  the  tartrate 
no  mirror  is  obtained. 

Acetic  Acid. 

1.  When  acetates  are  distilled  with  dilute  sulphuric  acid, 
acetic  acid  passes  over  with  the  distillate. 
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2.  When  an  acetate  is  heated  with  strong  sulphuric  acid, 
acetic  acid  escapes  and  may  be  recognised  by  its  smell. 

3.  "When  an  acetate  is  heated  with  a  mixture  of  equal 
volumes  of  strong  sulphuric  acid  and  pure  spirit  of  wine,  acetic 
ether  is  evolved,  which  may  be  recognised  by  its  very  cha- 
racteristic smell.  The  smell  is  most  distinct  upon  shaking  the 
mixture  when  it  has  cooled  a  little. 

4.  Ferric  chloride  added  to  an  acetate  produces  a  dark-red 
color  from  the  formation  of  ferric  acetate.  If  excess  of  ace- 
tate is  present,  and  the  fluid  is  boiled,  it  loses  its  color,  the 
whole  of  the  iron  being  precipitated  as  a  basic  acetate  in  the 
form  of  brownish-yellow  flocks.  Ammonia  added  to  the  red 
solution  of  ferric  acetate,  precipitates  the  whole  of  the  iron  as 
hydrate.  Hydrochloric  acid  added  to  the  red  solution  de- 
colorizes it.  (Here  ferric  acetate  diff'ers  from  ferric  sulpho- 
cyanide.) 
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Detection  of  Arsenic  and  other  IMCetals. 

PEELIMIISrART  SEAEOH  FOR  UNDISSOLYED  AESENIOUS 

OXIDE. 

Of  all  the  combinations  of  arsenic  this  substance  is  most 
frequently  used  for  criminal  purposes.  It  dissolves  in  water 
very  sparingly  and  also  slowly^  as  moisture  adheres  to  it  with 
difficulty hence  when  it  has  been  swallowed  the  greater  por- 
tion usually  remains  for  some  time  in  the  undissolved  state. 
This  undissolved  arsenious  oxide  is  often  readily  separable  by 
mechanical  means,  and  when  separated  is  most  readily 
identified. 

If  the  stomach  or  intestines  have  to  be  examined,  empty 
the  contents  into  a  porcelain  dish  and  turn  the  organs  inside 
out.  Search  the  inside  coat  for  white,  hard,  sandy  grains, 
which  are  often  found  firmly  imbedded.  Mix  the  contents  in 
the  dish  as  uniformly  as  possible,  put  aside  one -third  for  use 
in  case  of  accident  and  mix  the  rest  in  the  dish  with  distilled 
water,  by  the  aid  of  a  glass  rod  ;  let  the  mixture  stand  a  little, 
then  pour  off  the  fluid,  together  with  the  lighter  suspended 
particles,  into  another  porcelain  dish.  Repeat  this  latter 
operation  several  times,  if  possible  with  the  same  fluid,  pouring 
it  from  the  second  dish  back  into  the  first,  &c.  Finally,  wash 
once  more  with  pure  water,  preferably  in  a  glass  dish,  remove 
the  fluid  as  far  as  practicable,  and  try  whether  you  can  find  in 
the  dish  white  hard  grains  which  feel  gritty  under  the  glass 
rod.  If  there  are  any  such  grains  wash  them,  dry  them  on 
blotting  paper,  or  in  a  watch-glass,  weigh  them,  and  test  as 
directed  p.  42,  3. 

If  you  have  to  examine  food,  vomit,  &c.,  treat  it  in  the  same 
manner  as  the  contents  of  the  stomach. 

PEELIMINARY  DIALYTIO  EXAMINATION. 

If  you  have  failed  in  finding  undissolved  arsenious  oxide,  it 
may  be  worth  while  before  proceeding  to  the  regular  method, 
to  see  if  any  poison  can  be  dialysed  out  of  the  matter  under 
examination. 

For  this  purpose  digest  the  two-thirds  of  the  matter  (with 
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the  addition,  if  occasion  requires,  of  two-thirds  of  the  organs 
cut  small)  for  twenty-four  hours  at  32°,  and  then  submit  it 
to  dialysis  (see  p.  21)  also  for  twenty-four  hours.  Concentrate 
the  dialysate  by  evaporation  on  the  water  bath,  then  acidify  the 
greater  portion  with  hydrochloric  acid,  treat  with  sulphuretted 
hydrogen,  and  proceed  as  directed  p.  233,  2.  If  a  soluble 
compound  of  arsenic  or  any  other  metal  is  present,  the  sul- 
phide will  be  obtained  nearly  pure. 

If  arsenic  is  found  here  examine  the  rest  of  the  concentrated 
dialysate  to  see  whether  it  contains  arsenious  or  arsenic  acid. 

THE  EEGULAE  METHOD* 

The  following  method  insures  the  detection  of  the  minutest 
amount  of  arsenic j  allows  of  its  quantitative  estim^ation,  and 
permits  at  the  same  time  the  detection  of  all  other  metallic 
poisons. 

1.    Decoloration  and  Solution, 

Evaporate  the  matter  to  a  pasty  consistence  on  the  water 
bath,t  add  an  amount  of  pure  hydrochloric  acid  sp.  gr.  1*12 
about  equal  to  or  a  little  exceeding  the  weight  of  dry  sub- 
stances present,  and  sufficient  water  to  give  the  mass  the  con- 
sistence of  thin  paste.  (The  quantity  of  hydrochloric  acid 
should  never  exceed  one-third  of  the  entire  liquid  present.) 
Heat  the  dish  on  the  water  bath,  adding  every  five  minutes 
a  small  quantity  (about  2  grm.)  of  chlorate  of  potassium  with 
stirring,  until  the  contents  have  a  light-yellow  color  and  are 
perfectly  homogeneous  and  fluid ;  replace  the  evaporating  water 
from  time  to  time.  Add  a  little  more  chlorate  of  potassium, 
and  then  allow  to  cool.  When  quite  cold,  transfer  cautiously 
to  a  linen  strainer  or  to  a  white  filter,  and  allow  the  whole  of 
the  fluid  to  pass  through.  Heat  the  filtrate  on  the  water 
bath  with  renewal  of  the  evaporating  water  until  the  smell  of 
chlorine  has  passed  ofi".     Wash  the  residue  well  with  hot 

*  This  method  is  essentially  the  same  as  that  published  by  the  author 
and  L.  v.  Babo  in  1844,  compare  Annal.  d.  Chem.  u.  Pharm.,  49,  308.  The 
author  has  repeatedly  employed  it,  and  has  always  found  it  to  work  satis- 
factorily. Of  course  most  scrupulous  attention  must  be  paid  to  the 
purity  of  the  reagents. 

t  It  may  now  weigh  say  125—250  grm. 
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water;  dry  it_,  mark  it  I.,  and  put  it  aside  for  subsequent  exa- 
mination. Evaporate  the  washings  on  a  water  bath  to  about 
100  c.c.  and  add  them_,  together  with  any  precipitate  that 
may  have  formed^  to  the  principal  filtrate. 

2.    Precipitation  with  hydrosulphuric  acid. 

Transfer  the  fluid  obtained  ia  which  amounts  to  three 
or  four  times  the  quantity  of  the  hydrochloric  acid  used,  to  a 
flask,  heat  on  a  water  bath  to  70°  and  pass  into  it,  for  about 
twelve  hours,  a  slow  current  of  washed  hydrosulphuric  acid, 
then  allow  to  cool,  continuing  the  transmission  of  the  gas  all 
the  while.  Rinse  the  delivery  tube  with  a  little  ammonia, 
acidify  the  rinsings  and  add  ihem  to  the  principal  fluid,  cover 
the  flask  lightly  with  paper  and  keep  it  in  a  moderately  warm 
place  (at  about  30°)  until  the  smell  of  hydrosulphuric  acid  has 
nearly  passed  ofi".  Filter,  and  wash  the  precipitate  until  the 
washings  are  free  from  chlorine.  Concentrate  the  filtrate  and 
washings  somewhat,  transfer  to  a  flask,  add  ammonia  to  alka- 
line reaction,  then  sulphide  of  ammonium,  closely  cork  the 
flask,  which  should  be  nearly  full,  and  reserve  for  subsequent 
examination  according  to  9  (p.  238). 

3.    Purification  of  the  precipitate  produced  by  hydrosulphuric 

acid. 

The  precipitate  obtained  in  2  contains  the  arsenic  and  other 
metals  of  Groups  I.  and  II.,  as  sulphides,  and  probably  also 
organic  matter  and  free  sulphur.  Thoroughly  dry  it  with 
the  filter  in  a  small  porcelain  dish  on  a  water  bath,  add  pure 
fuming  nitric  acid  (free  from  chlorine),  drop  by  drop,  till  the 
mass  is  completely  moistened,  and  then  evaporate  on  the 
water  bath  to  dryness.  Moisten  the  residue  uniformly  all 
over  with  pure  strong  sulphuric  acid,  previously  warmed,  heat 
for  two  or  three  hours  on  the  water  bath,  and  finally  in  the 
air  or  paraflin  bath  at  about  170°,  until  the  charred  mass  is 
friable,  and  a  small  portion  of  it — to  be  returned  afterwards  to 
the  mass — when  mixed  with  water,  and  then  allowed  to  sub- 
side, gives  a  colorless  fluid.  Should  the  fluid  standing  over 
the  sediment  show  a  brownish  tint,  or  should  the  residue, 
instead  of  being  friable,  consist  of  a  brown  oily  liquid,  add  to 
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the  mass  some  cuttings  of  Swedish  filtering  paper^  and  con- 
tinue the  application  of  heat."^  Warm  the  residue  on  the 
water  bath  with  a  mixture  of  1  part  of  hydrochloric  acid  and 
8  parts  of  water,  filter,  wash  the  undissolved  part  thoroughly 
with  hot  water  containing  a  little  hydrochloric  acid,  and  add 
the  washings,  after  concentration  if  necessary,  to  the  filtrate. 
Dry  the  washed  carbonaceous  residue,  mark  it  II.,  and  set  it 
aside  for  subsequent  examination. 

4.     Second  precipitation  with  hydrosulphuric  acid. 

The  clear  and  colorless,  or  at  most  somewhat  yellowish,  fluid 
obtained  in  3  contains  all  the  arsenic  in  the  form  of  arsenious 
acid,  and  may  contain  also,  mercury,  copper,  bismuth,  cad- 
mium, tin  and  antimony.  Supersaturate  a  small  portion 
cautiously  with  carbonate  of  ammonium,  and  observe  whether  a 
precipitate  is  produced,  then  acidify  it  with  hydrochloric  acid 
and  return  it  to  the  rest.  Transfer  the  fluid  to  a  flask,  and 
pass  hydrosulphuric  acid  through  it  for  some  time.  Rinse  the 
delivery  tube  with  a  little  ammonia  if  necessary,  acidify  the 
rinsings  and  add  them  to  the  principal  fluid,  cover  the  flask 
lightly  with  paper  and  keep  it  in  a  moderately  warm  place  (at 
about  30°)  until  the  smell  of  hydrosulphuric  acid  has  nearly 
passed  off". 

If  the  precipitate  is  pure  yellow.  Take  a  small  portion  of 
the  fluid  with  the  precipitate  suspended  in  it,  add  some 
ammonia,  and  shake  the  mixture  without  warming.  If 
the  precipitate  dissolves  readily  and  (with  the  exception  of 
a  trace  of  sulphur)  completely,  and  if  carbonate  of  am- 
monium gave  no  precipitate  before  the  passing  of  the 
hydrosulphuric  acid,  arsenic  alone  is  present.  If  the  pre- 
cipitate does  not  dissolve,  or  if  carbonate  of  ammonium 
has  produced  a  precipitate,  then  there  is  reason  to  suspect  . 
the  presence  of  another  metal.  In  either  case  acidify  the 
portion  with  hydrochloric  acid  and  return  it  to  the  bulk  of 
the  fluid  and  precipitate. 

If  the  precipitate  is  not  pure  yellow.    You  have  to  assume 
the  presence  of  metals  other  than  arsenic. 
Collect  the  precipitate  on  a  filter  and  wash  it  thoroughly. 

*  By  attending  to  these  directions  3'^on  will  always  succeed  in  com- 
pletely destroying  the  organic  matter,  without  loss  of  any  of  the  metals. 
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5.  Treatment  of  the  pure  hydrosulphuric  acid  precipitate 
when  arsenic  is  the  only  metal  present.  Estimation  of  the 
weight  of  the  arsenic. 

Treat  the  still  moist  precipitate  on  the  filter  with  ammonia, 
and  wash  the  filter  thoroughly  with  diluted  ammonia  (nothing 
should  remain  undissolved,  except  some  sulphur) ;  evaporate 
the  ammoniacal  fluid  in  a  small  weighed  porcelain  dish  on  the 
water  bath,  dry  the  residue  at  100°  and  weigh.  If  on  subse- 
quent reduction,  it  is  found  that  this  residue  consists  of  pure 
arsenious  sulphide,  you  can  readily  calculate  it  into  arsenious 
oxide  or  into  arsenic. 

6.  Treatment  of  the  pure  hydrosulphuric  acid  precipitate  when 
a  metal  other  than  arsenic  is  present.  Separation  of  the 
arsenic  and  estimation  of  its  weight. 

Perforate  the  point  of  the  filter  containing  the  still  moist 
precipitate,  wash  the  contents  into  a  small  flask,  with  the 
smallest  possible  quantity  of  water,  add  ammonia  and  sulphide 
of  ammonium,  and  digest  at  a  gentle  heat.  Filter  if  neces- 
sary, wash  the  residue,  perforate  the  filter,  rinse  ofi*  the  residue, 
mark  it  III.,  and  reserve  it  for  subsequent  examination. 
Evaporate  the  filtrate  and  washings  in  a  porcelain  dish  to  dry- 
ness. Treat  with  pure  fuming  nitric  acid  (free  from  chlorine), 
nearly  drive  oflP  the  acid  by  evaporation,  then  add  cautiously 
solution  of  carbonate  of  sodium  in  excess.  Add  now  a  mixture 
of  1  part  of  carbonate  of  sodium  and  2  parts  of  nitrate  of 
sodium,  evaporate  to  dryness,  and  heat  the  residue  very 
gradually  to  fusion,  then  allow  to  cool  and  extract  with  cold 
water.  Filter  if  necessary,  wash  the  residue  with  a  mixture  of 
equal  parts  of  spirit  and  water,  mark  it  IV.,  and  reserve  it  for 
subsequent  examination.  Evaporate  the  washings  to  remove 
alcohol,  and  mix  them  with  the  solution.  To  the  solution 
(which  contains  the  arsenic  as  arseniate  of  sodium),  add 
cautiously  pure  dilute  sulphuric  acid  in  excess,  evaporate  in  a 
porcelain  dish,  and  when  strongly  concentrated,  add  more 
sulphuric  acid,  to  see  whether  the  quantity  first  added  was 
sufficient  to  expel  all  nitric  and  nitrous  acids.  Heat  now 
cautiously  till  fumes  of  sulphuric  acid  begin  to  escape ;  allow 
to  cool,  add  water,  transfer  to  a  small  flask,  heat  to  70°  and 
pass  a  slow  current  of  washed  hydrosulphuric  acid  for  6  hours. 
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Allow  to  cool,  contiuuing  the  transmission  of  tlie  gas  all  the 
while.  When  the  yellow  precipitate  has  completely  subsided, 
and  the  smell  of  the  gas  has  nearly  passed  off,  filter,  wash  the 
precipitate,  dry  it,  extract  the  sulphur  with  bisulphide  of 
carbon,  dissolve  in  ammonia,  and  proceed  with  the  solution 
according  to  5,  p.  235. 

7.    Reduction  of  the  sulphide  of  arsenic. 

The  production  of  metallic  arsenic  from  the  sulphide,  which 
may  be  regarded  as  the  keystone  of  the  whole  process,  de- 
mands the  greatest  care  and  attention.  The  method  given 
p.  41,  2,  which  consists  in  fusing  the  sulphide  mixed  with 
cyanide  of  potassium  and  carbonate  of  sodium,  in  a  slow 
current  of  carbonic  acid,  is  the  best  and  safest,  as  it  is  the 
most  accm-ate,  and  as  it  obviates  the  possibility  of  any  confusion 
between  arsenic  and  antimony. 

Do  not  use  the  whole  of  the  sulphide  at  once,  so  that  the 
process  may  be  repeated  several  times  if  necessary.  Should 
the  quantity  of  sulphide  be  too  minute  to  be  divided,  dissolve 

g  it  in  a  few  drops  of  ammonia, 

add  a  little  carbonate  of  sodium, 
and  evaporate  with  stirring  on 
a  water  bath  to  dryness  ;  you 
can  then  divide  the  residue 
into  several  portions.  In  such 
delicate  experiments  as  the 
present  the  evolution  flask 
figured  p.  41  should  be  re- 
placed by  an  apparatus  which 
admits  of  the  regulation  of  the 
current ;  such  an  apparatus  is 
shown  in  the  margin.  Take 
care  to  drive  all  the  air  out 
of  the  reduction  tube,  and  to 
give  the  current  the  proper 
degree  of  force  before  applying 
heat. 

When  the  operation  is  finished,  cut  the  reduction  tube  be- 
tween the  mirror  and  the  mixture,  and  set  aside  the  part  con- 
taining the  mirror.    Put  the  other  part  into  a  test  tube,  add 
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water^  and  let  it  stand  some  time;  tlien  filter.  Add  ex- 
cess of  hydrocliloric  acid  to  the  filtrate,  tlien  hydrosulpliuric 
acidj  and  observe  whether  a  precipitate  is  formed.  A  trifling 
yellow  precipitate  will  usually  form  if  arsenic  was  present ;  if 
traces  of  antimony  are  present  the  precipitate  will  be  orange- 
colored  and  insoluble  in  carbonate  of  ammonium.  Examine 
the  metallic  residue  which  may  be  left  for  traces  of  tin  and 
antimony,  which  might  possibly  be  present.  Should  appre- 
ciable traces  of  either  of  these  metals  be  found,  proper  allow- 
ance must  be  made  for  them  in  calculating  the  weight  of  the 
arsenic. 

8.    Examination  of  the  reserved  residues  for  other  metals 

of  Groups  I.  and  II. 

Residue  I.  This  may  contain  chloride  of  silver,  sulphate  of 
lead,  and  possibly  also  stannic  oxide.  Incinerate  it  in  a 
porcelain  dish,  burn  the  carbon  with  the  aid  of  some  nitrate 
of  ammonium,  extract  the  residue  with  water,  dry  the  part 
left  undissolved,  and  fuse  it  with  cyanide  of  potassium  in  a 
porcelain  crucible.  When  the  fused  mass  is  cold, '  extract  it 
with  water;  warm  the  residue  with  nitric  acid,  and  proceed 
as  in  the  analysis  of  alloys. 

Residue  II.  This  may  contain  lead,  mercury,  tin,  and 
possibly  also  bismuth  and  antimony.  Heat  for  some  time 
with  aqua  regia,  filter,  and  wash  the  residue,  at  first  with 
water  containing  a  little  hydrochloric  acid.  Treat  the  filtrate 
and  washings  with  hydro  sulphuric  acid,  and  if  a  precipitate 
forms,  examine  it  in  the  way  in  which  a  hydrosulphuric  acid 
precipitate  is  usually  examined.  Incinerate  the  residue,  fuse 
the  ash  with  cyanide  of  potassium,  allow  to  cool,  extract  with 
water,  warm  the  residue  with  nitric  acid,  and  proceed  as  in 
the  analysis  of  alloys. 

Residue  III.  Examine  for  metals  of  Group  II.,  Division  I., 
in  the  usual  way. 

Residue  IV,  This  may  contain  tin,  antimony  and  copper. 
Examine  as  usual. 
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9.    Examination  of  the   reserved  filtrate  for    metals  of 
Group  III.,  especially  for  zinc,  chromium^  and  thallium. 

The  fluid  filtered  from  the  hydrosulphuric  acid  precipitate 
in  2  and  mixed  with  sulphide  of  ammonium  should  be 
filtered. 

The  precipitate.  May  contain  ferrous  sulphide,,  phosphate 
of  calcium^  and  possibly  also  sulphide  of  zinc,  sulphide  of 
thallium,  and  hydrate  of  chromium.  Wash  it  with  water 
containing  sulphide  of  ammonium,  dissolve  it  by  heating 
with  hydrochloric  acid  and  a  little  nitric  acid,  filter,  and 
evaporate  the  filtrate  with  some  sulphuric  acid  in  a  retort 
till  the  residue  begins  to  be  pasty.  Test  the  distillate 
with  iodide  of  potassium  and  in  the  spectroscope  for 
thallium,  a  part  of  which  may  have  escaped  with  the 
hydrochloric  acid.  Treat  the  residue  in  the  retort  with 
water,  filter,  add  carbonate  of  sodium  in  excess,  and  then 
excess  of  cyanide  of  potassium  (free  from  sulphide),  heat 
for  some  time,  and  then  filter. 
p^.  Reserve. 

fy    Add  sulphide  of  ammonium,  and  filter. 
jOg.    Test  for  thallium  in  the  spectroscope. 
fc^.    Mix  with  jt?^,  evaporate  with  excess  of  sulphuric 
acid  till  the  latter  begins  to  escape,  dilute,  filter, 
precipitate  with  ammonia  and  sulphide  of  ammo- 
nium, and  test  the  precipitate  for  zinc  and  chro- 
mium in  the  usual  way. 
The  filtrate.    May  contain  a  portion,  and  indeed  the  whole 
of  the  chromium.     Evaporate  to  dryness,  incinerate,  mix 
with  3  parts  of  chlorate  of  potassium  and  1  part  of  car- 
bonate of  sodium,  and  project  the  mixture  gradually  into 
a  red-hot  crucible.    If  chromium  is  present  the  aqueous 
extract  of  the  mass  will  be  yellow. 

Detection  of  Hydrocyanic  Acid. 

This  method  leaves  the  substance  fit  to  be  examined  for  metallic 

poisons  and  alkaloids. 

In  this  case  it  is  necessary  to  proceed  with  expedition,  as 
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hydrocyanic  acid  in  contact  with  decaying  animal  or  vegetable 
matter  is  liable  to  be  soon  decomposed."^ 

In  the  following  process  we  separate  the  hydrocyanic  acid 
by  distilling  the  acidified  matter.  Now,  if  the  matter  contains 
the  non-poisonous  ferrocyanide  or  ferricyanide  of  potassium, 
they  would  be  decomposed  in  this  treatment,  and  hydrocyanic 
acid  would  be  found  in  the  distillate.  Hence  it  is  necessary 
first  to  ascertain  whether  either  of  these  salts  is  present.  To 
this  end,  stir  a  portion  of  the  matter  with  water,  filter,  acidify 
with  hydrochloric  acid,  and  test  one  portion  with  ferric  chlo- 
ride, and  another  with  ferrous  sulphate.  If  no  blue  precipitate 
or  color  is  produced  in  either  case,  you  may  safely  proceed. 

Test  the  reaction  of  the  matter,  if  necessary,  after  stirring  it 
with  water.  If  it  is  not  strongly  acid,  add  solution  of  tartaric 
acid  until  it  is.  Then  distil  from  a  chloride  of  calcium  bath, 
with  the  neck  of  the  retort  directed  upwards  and  connected 
with  a  Liebig^s  condenser.  Let  the  matter  boil  gently,  and 
collect  the  distillate  in  a  small  weighed  flask.  When  about 
15  c.c.  have  passed  over,  replace  the  receiver  by  a  somewhat 
larger  flask,  also  weighed.  Weigh  the  contents  of  the  first 
receiver  now,  and  proceed  as  follows  : — 

Test  one  quarter  of  the  distillate  according  to  p.  223, 

Test  another  quarter  of  the  distillate  according  to  p.  223,  3. 
As  the  distillate  may  contain  acetic  acid,  the  precaution  to  be 
adopted  in  presence  of  acetates  must  not  be  forgotten. 

If  hydrocyanic  acid  has  been  found,  and  you  wish  to  deter- 
mine its  quantity  approximately,  continue  the  distillation  until 
the  distillate  is  free  from  hydrocyanic  acid.  Add  half  of  the 
contents  of  the  second  receiver  to  the  remaining  half  of  the 
contents  of  the  first,  and  distil  with  some  powdered  borax,t 
leaving  only  a  small  residue  in  the  retort.  Add  nitrate  of 
silver  to  the  distillate,  and  then  nitric  acid  till  strongly  acid. 
Allow  the  precipitate  to  subside,  collect  it  on  a  weighed  filter, 
wash,  dry  at  100°,  and  weigh. 

*  However,  it  is  some  time  before  the  whole  of  the  acid  is  lost.  Thus, 
I  succeeded  in  separating  a  notable  quantity  from  the  stomach  of  a  man 
whose  intestines  were  not  handed  to  me  till  36  hours  after  death.  Again, 
a  dog  was  poisoned  with  a  small  quantity  of  the  acid,  and  the  contents  of 
the  stomach,  mixed  with  the  blood,  were  left  for  24  hours  exposed  to  an 
intense  summer  heat,  and  then  examined  ;  the  acid  was  still  detected. 

t  The  object  of  the  distillation  with  borax  is  to  separate  any  hydro- 
chloric acid  that  may  be  present. 
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By  multiplying  the  quantity  of  cyanide  of  silver  found  by 
•2017,  you  will  find  the  corresponding  amount  of  anhydrous 
hydrocyanic  acid.  And  by  multiplying  this  again  by  2 — as 
only  half  the  distillate  was  used — you  will  find  the  total 
quantity  of  hydrocyanic  acid  in  the  matter  examined. 

Detection  of  Phosphorus* 

PEELIMINART  EXAMmATION. 

1.  Notice  whether  the  matter  smells  of  phosphorus,  or  is 
luminous  in  the  dark,  taking  care  at  the  same  time  to  bring  it 
thoroughly  into  contact  with  the  air  by  stirring  or  shaking. 

2.  If  phosphorus  has  not  been  indicated  in  1,  put  a  little 
of  the  matter  into  a  flask,  suspend  in  the  latter,  by  the  aid  of 
a  loose  cork,  a  slip  of  filtering  paper  moistened  with  nitrate  of 
silver,  and  heat  to  30°  or  40°.  If  the  paper  does  not  turn  black, 
even  after  some  time,  no  unoxidized  phosphorus  is  present,  and 
it  will  be  useless  to  proceed  to  the  regular  examination.  If, 
on  the  other  hand,  the  paper  turns  black,  this  is  no  positive 
proof  of  the  presence  of  unoxidized  phosphorus,  since  hydro- 
sulphuric  acid,*  formic  acid,  putrifying  substances,  &c.,  will 
produce  this  effect. 

THE  REGULAE  EXAMmATION. 
For  this,  one  of  the  two  following  methods  may  be  used. 

Method  7.t 

Mix  the  matter  with  water  and  some  sulphuric  acid,  and 
distil  slowly  in  a  flask  with  a  Liebig's  condenser.  If  the 
matter  contains  phosphorus,  a  strong  luminosity,  usually  a 
luminous  ring,  will  appear  in  the  dark  in  that  part  of  the 
inner  tube  of  the  condenser  which  is  first  cooled.  If  you  take 
for  distillation  150  c.c.  of  a  mixture  containing  only  1*5  mgrm. 
of  phosphorus,  and  accordingly  only  1  part  of  phosphorus 
in  100,000  parts,  you  may  distil  over  90  c.c. — which  will 
take  at  least  half  an  hour — without  the  luminosity  ceasing. 
Mitscherlich,  in  one  of  his  experiments,  stopped  the  distillation 

*  To  ascertain  whether  the  blackening  is  caused  by  hydrosulphuric 
acid,  you  may  test  with  a  strip  of  paper  moistened  with  acetate  of  lead. 
t  E.  Mitscherlich,  Journ.  f.  prakt.  Chem.,  66.  238. 
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after  half  an  hour,  allowed  the  flask  to  stand  uncorked  for  a 
fortnight,,  and  then  recommenced  the  distillation ;  the  lumi- 
nosity was  as  strong  as  at  first. 

In  the  presence  of  substances  which  prevent  the  luminosity 
of  phosphorus^  such  as  alcohol^  ether^  or  oil  of  turpentine^  no 
luminosity  is  observed  so  long  as  these  substances  continue  to 
distil  over.  In  the  case  of  ether  and  alcohol,  however,  this  is 
soon  effected,  and  the  luminosity  accordingly  very  speedily 
makes  its  appearance ;  but  it  is  otherwise  with  oil  of  turpen- 
tine, which  completely  prevents  the  manifestation  of  this  re- 
action. 

After  the  termination  of  the  process,  globules  of  phosphorus 
are  found  at  the  bottom  of  the  receiver.  Mitscherlich  ob- 
tained from  150  c.c.  of  a  mixture  containing  20  mgrm.  of 
phosphorus  so  many  globules  of  that  body,  that  one-tenth  of 
them  would  have  been  amply  sufficient  to  demonstrate  its 
presence. 

Method  II. 

Put  the  matter  in  a  flask,  add  water  if  necessary,  and  then 
some  dilute  sulphuric  acid  to  acid  reaction.  Connect  the 
flask  on  one  side  with  a  carbonic  acid  apparatus  by  means  of 
a  tube  leading  to  the  bottom  of  the  flask,  and  on  the  other 
side  with  a  U  tube  containing  solution  of  nitrate  of  silver. 
Pass  a  slow  stream  of  washed  carbonic  acid.  When  the  air  is 
driven  out,  heat  the  flask  on  a  water-bath  gently,  and  continue 
the  passing  of  the  gas  and  the  warming  of  the  flask  for  several 
hours.  If  free  phosphorus  is  present,  it  will  volatilize  un- 
oxidized  in  the  current  of  carbonic  acid,  and  will  be  converted 
in  the  U  tube  into  black  insoluble  phosphide  of  silver,  and 
into  phosphoric  acid.  If  no  precipitate  forms  you  may  safely 
conclude  that  no  unoxidized  phosphorus  is  present.  If  a  pre- 
cipitate does  form,  it  must  not  be  taken  as  an  indication  of 
phosphorus,  but  both  it  and  the  fluid  in  which  it  is  suspended 
must  be  examined  as  follows  : — 

Filter  through  a  filter  washed  with  nitric  acid  and  water, 
and  wash  the  precipitate  with  dilute  nitric  acid  and  water. 
The  precipitate.     For  the  examination  of  this  we  require 
the  following  apparatus. 

a  is  for  evolving  hydrogen,  b  contains  pumice  moistened 
with  strong  potash,  c  is  a  common  clip,  d  a  screw-clip, 
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and  e  a  platinum  jet,"^  whicli  is  kept  cool  by  means  of 
moistened  wool  or  cotton. 


Fig.  7. 


To  ascertain  whether  the  hydrogen  is  free  from  phos- 
phuretted  hydrogen,  after  the  air  has  been  driven  out, 
close  c  until  the  fluid  in  a  has  ascended  to  /.  Close  d, 
open  c,  and  regulate  d  so  as  to  obtain  a  flame  of  suitable 
size.  If  the  flame,  viewed  in  a  dark  place,  is  colorless, 
showing  no  trace  of  a  green  cone  in  the  centre,  and  no 
emerald  coloration  if  directed  upon  a  piece  of  porcelain  (as 
in  Marshes  test),  then  the  hydrogen  may  be  considered 
pure. 

Rinse  the  precipitate  with  water  into  /,  take  care  that 
every  particle  of  it  reaches  «,  allow  a  to  fill  with  gas,  and 
then  light  it  again  and  observe  the  flame.  If  the  pre- 
cipitate contains  even  a  trace  of  phosphide  of  silver,  the 
green  cone  in  the  centre  of  the  flame,  and  the  emerald 
coloration  when  the  flame  impinges  on  porcelain,  will  be 
visible. 

The  filtrate.  Precipitate  the  silver  by  hydrochloric  acid, 
filter  through  a  paper  well  washed  with  acid  and  water, 
evaporate  ofi"  the  hydrochloric  acid,  take  up  with  nitric 

*  The  platinum  jet  is  indispensable  for  the  production  of  a  colorless 
hydrogen  flame. 
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acid,  and  test  for  phosplioric  acid  witli  molybdate  of 
ammonium. 

By  this  method^  Neubaner  and  the  author  obtained  the 
clearest  evidence  of  the  presence  of  phosphorus  in  a  large 
quantity  of  putrid  blood  mixed  with  the  composition  from  a 
common  match ;  and  this  even  in  the  presence  of  substances 
which  prevent  the  luminosity  of  phosphorus  in  Method  I. 

ESTIMATION  OF  THE  PHOSPHORUS. 

This  is  best  effected  by  distilling  the  mass,  acidified  with 
sulphuric  acid,  in  an  atmosphere  of  carbonic  acid.  Most  of 
the  phosphorus,  if  there  is  any  quantity,  will  be  obtained  in 
the  receiver  in  the  form  of  small  globules,  which  may  be 
washed  with  alcohol  and  weighed. 

Detection  of  Alkaloids. 

Some  alkaloids  may  be  more  or  less  liable  to  decomposition 
in  the  organism.  There  seems  to  be  no  doubt  for  instance 
that  morphine  is  thus  decomposed,  as  the  following  experiment 
shows.  A  rabbit  had  '1  grm.  of  hydrochlorate  of  morphine 
given  to  it,  and  was  killed  3J  hours  afterwards ;  no  morphine 
was  found  in  the  urine,  brain,  and  spinal  marrow,  only  very 
little  in  the  blood,  a  little  in  the  stomach  and  small  intestines, 
more  in  the  other  intestines. 

*  STAS'S  METHOD. 

Stas  enumerates  the  following  alkaloids  as  discoverable  by 
this  method — conine,  nicotine^  aniline,  picoline,  petinine,  mor- 
phine, codeine,  brucine,  strychnine,  veratrine,  colchicine,  delphine, 
emetine,  solanine,  aconitine,  atropine,  hyoscyamine. 

If  you  have  to  look  for  alkaloids  in  the  contents  of  the 
stomach  or  intestines  or  in  articles  of  food,  heat  the  matter 
with  twice  its  weight  of  strong  alcohol  acidified  with  1  or 
2  grm.  of  tartaric  or  oxalic  acid  at  a  temperature  of  70°  or  75°. 
When  quite  cold,  filter,  and  wash  the  undissolved  part  with 
strong  alcohol,  adding  the  washings  to  the  filtrate. 

If  you  have  to  deal  with  the  heart,  liver,  lungs  or  similar 

E  2 


244  DETECTION  OF  POISONS  IN  BODIES,   FOOD,  ETC. 

organs,  cut  them  small,  moisten  with  acidified  alcohol,  press, 
and  repeat  the  operation,  until  the  soluble  parts  are  com- 
pletely extracted ;  collect  the  fluids  obtained  and  filter. 

Concentrate  the  alcoholic  fluid  at  a  temperature  not  ex- 
ceeding 35°,  and  if  no  insoluble  matter  separates,  continue  to 
evaporate  nearly  to  dryness.  Conduct  this  process  either 
under  a  bell-glass  over  sulphuric  acid,  or  in  a  tubulated  re- 
tort, through  which  a  current  of  air  is  passed.  If  fatty  or 
other  insoluble  matters  separate  in  the  process  of  concentration, 
pass  the  concentrated  fluid  through  a  moistened  filter,  and 
evaporate  the  filtrate  nearly  to  dryness,  conducting  the  process 
as  above  either  under  a  bell-glass  or  in  a  retort. 

Digest  the  residue  with  cold  absolute  alcohol,  filter,  wash 
the  insoluble  part  with  alcohol,  and  let  the  alcoholic  solution 
evaporate  in  air  or  in  vacuo  ;  dissolve  the  acid  residue  in  a 
little  water  and  add  acid  carbonate  of  sodium  as  long  as 
efifervescence  ensues. 

Add  to  the  mixture  four  or  five  times  its  volume  of  pure 
ether,  free  from  oil  of  wine,  and  shake ;  then  allow  to  stand 
at  rest. 

Transfer  a  small  quantity  of  the  supernatant  ether  to  a 
watch-glass  and  allow  it  to  evaporate  spontaneously.  If  oily 
streaks  are  left,  which  gradually  collect  into  a  drop,  and  emit, 
upon  being  gently  heated,  a  disagreeable,  pungent  and  stifling 
odor,  there  is  reason  to  infer  the  presence  of  a  volatile  base. 
If  a  solid  residue  or  a  turbid  fluid  with  solid  particles  sus- 
pended in  it  is  left,  a  non-volatile  base  is  probably  present. 
In  the  latter  case  the  base  may  emit  a  disagreeable  animal 
smell,  but  not  a  pungent  odor,  as  is  the  case  with  volatile 
bases.  If  no  residue  is  left,  to  the  rest  of  the  fluid  add  some 
potash,  and  shake  with  repeatedly  renewed  ether  which  will 
now  dissolve  the  base. 

Now  proceed  as  follows  according  to  the  results  of  this  pre- 
liminary examination. 

If  there  is  reason  to  infer  the  presence  of  a  volatile  base. 

To  the  mixture  of  aqueous  solution  and  ether  add  1  or  2  c.c. 
of  strong  potash,  shake,  allow  to  stand  at  rest,  pour  ofi*  the 
supernatant  ether,  and  treat  the  watery  fluid  with  fresh  ether 
three  or  four  times,  till  the  last  portion  poured  ofi"  leaves  no 
residue  on  evaporation.    Mix  the  ethereal  solution  with  dilute 
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sulphuric  acid  until  the  fluid  after  being  well  shaken  manifests 
strongly  acid  reaction ;  allow  the  mixture  to  stand  at  rest^ 
decant  the  supernatant  ether^  and  treat  the  aqueous  fluid  once 
more  in  the  same  way. 

The  aqueous  solution  contains  sulphates  of  ammonia,  nico- 
tine, aniline,  picoline,  and  petinine  if  they  are  present, 
and  the  greater  part  of  the  conine.  Mix  it  with  strong 
potash  in  excess,  and  treat  with  ether  which  will  re  dis- 
solve the  liberated  bases.  Decant  the  ether,  and  leave  it 
to  spontaneous  evaporation  at  the  lowest  possible  tempera- 
ture ;  then  place  the  dish  in  vacuo  over  sulphuric  acid. 
In  this  process  the  ether  and  ammonia  escape,  leaving  the 
volatile  alkaloid  in  the  pure  state. 

The  ethereal  solution  contains  the  animal  matters  which  it 
has  removed  from  the  alkaline  fluid.  It  leaves  therefore 
upon  spontaneous  evaporation,  a  faint  yellow  residue  of 
nauseous  odor,  which  contains  also  some  sulphate  of  conine 
if  that  base  was  present. 

If  there  is  reason  to  infer  the  presence  of  a  non-volatile  base. 
Pour  off  the  ether  from  the  mixture  of  aqueous  solution  and 
ether,  add  a  few  drops  of  alcohol  to  it,  and  leave  it  to  spon- 
taneous evaporation.  If  this  fails  to  give  the  base  in  a  dis- 
tinctly crystalline  form  and  sufliciently  pure,  add  a  few  drops 
of  water  slightly  acidified  with  sulphuric  acid,  which  will 
usually  serve  to  separate  the  residue  into  a  fatty  portion  ad- 
hering to  the  dish,  and  an  acid  aqueous  solution,  which  con- 
tains the  base  as  an  acid  sulphate.  Decant  or  filter,  wash 
with  a  little  slightly  acidified  water,  and  evaporate  the  solu- 
tion to  a  considerable  extent,  under  a  bell-glass  over  sulphuric 
acid.  Mix  the  residue  with  a  very  strong  solution  of  pure 
carbonate  of  potassium,  treat  the  mixture  with  absolute  alcohol, 
decant,  and  let.  the  alcoholic  fluid  evaporate,  which  will 
generally  leave  the  base  in  a  state  of  almost  perfect  purity. 

OTTO'S  MODIFICATIONS  OF  STAS'S  METHOD. 

1.  In  the  method  just  described,  the  morphine  which  may 
be  present  will  only  pass  into  the  ethereal  solution  if,  after  the 
addition  of  the  acid  carbonate  of  sodium,  the  solution  is 
immediately  shaken  with  ether,  and  the  ether  is  then  quickly 
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decanted.  But  if  the  operation  of  shaking  with  ether  is  de- 
layed_,  so  as  to  give  the  morphine  time  to  crystallize,  the 
crystals  will  deposit_,  being  almost  absolutely  insoluble  in 
ether.  Again,  if  the  morphine  has  dissolved  in  the  ether,  and 
the  solution  is  allowed  to  stand  some  time,  the  morphine  will 
separate  in  small  crystals  on  the  side  of  the  vessel. 

Hence  it  is  always  probable  that  the  morphine  will  remain 
wholly  or  in  part  undissolved  by  the  ether,  and  the  alkaline 
fluid,  after  being  extracted  with  ether,  should  be  mixed  with 
potash  to  dissolve  separated  morphine,  evaporated  to  remove 
ether  still  present,  mixed  with  chloride  of  ammonium,  and 
allowed  to  stand  exposed  to  the  air  to  allow  the  morphine  to 
crystallize. 

2.  For  the  process  given  for  the  detection  of  non- volatile 
alkaloids.  Otto  substitutes  the  following : — 

Let  the  ethereal  solution  evaporate,  dissolve  the  residuary 
impure  alkaloid  in  a  little  water  mixed  with  sulphuric  acid, 
and  shake  the  solution  repeatedly  with  ether,  which  will  re- 
move the  foreign  organic  substances  present,  and  leave  the 
acid  sulphate  of  the  alkaloid  unaffected.  Mix  now  the 
aqueous  solution  with  carbonate  of  sodium  in  excess,  shake 
repeatedly  with  ether  (to  dissolve  the  liberated  alkaloids),  and 
let  the  ethereal  solution  evaporate,  when  the  alkaloids  held  in 
solution  by  the  ether  will  be  left  in  a  very  pure  state,  and  to  a 
great. extent  in  the  crystalline  form. 

3.  But  what  Otto  recommends  most  is  the  treatment  of 
the  alkaloid  in  the  form  of  salt^  with  ether,  before  the  addition 
of  the  carbonate  of  sodium. 

Shake  the  aqueous  solution,  which  contains  the  tartrate  or 
oxalate  of  the  alkaloid,  with  ether  repeatedly,  so  long  as  the 
ether  becomes  colored  and  yields  a  residue  on  evaporation. 
Then  add  the  acid  carbonate  of  sodium,  shake  with  ether,  and 
proceed  as  directed.  Upon  evaporating  the  ether,  the  alkaloid 
is  now  left  in  a  very  pure  state. 

JANSSENS'S  MODIFICATION  OF  STAS'S  METHOD. 

Janssens  says  that  Stasis  process,  even  with  Otto's  modifi- 
cation, does  not  give  the  strychnine  sufficiently  pure,  especially 
when  substances  are  present  which  are  soluble  in  alcohol, 
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water,  ether,  and  dilute  sulphuric  acid.  He  recommends  the 
following  modification : — 

Having  exhausted  the  matter  with  acidified  alcohol,  evapo- 
rated, taken  up  with  alcohol,  and  evaporated  to  dryness,  dissolve 
in  25 — 50  c.c.  of  water,  and  then  add  finely  powdered  acid  car- 
bonate of  sodium  till  the  fluid  is  only  acid  through  carbonic  acid. 
If  any  precipitate  forms,  filter  it  ofi"  immediately.  The  strychnine 
remains  dissolved  in  the  carbonic  acid,  and  does  not  precipitate 
till  the  filtrate  is  boiled  and  partially  evaporated.  When  it  has 
been  collected  on  a  filter  and  washed,  dissolve  it  in  a  small 
quantity  of  very  dilute  sulphuric  acid  (1  of  strong  acid,  200  of 
water),  add  carbonate  of  potassium  in  excess,  shake  repeatedly 
with  six  times  the  volume  of  ether,  and  allow  the  latter  to 
evaporate. 

METHOD  OF  L.  v.  USLAR  AlTD  J.  ERDMAKN". 

This  may  be  considered  to  be  an  improvement  upon  Stasis 
method  as  regards  non-volatile  alkaloids,  especially  morphine, 
while  Stasis  method  deserves  the  preference  for  volatile  alka- 
loids. This  method  is  the  same  in  principle  as  Stasis  with  the 
exception  that  amyl  alcohol  is  substituted  for  ether. 

Mix  the  matter  with  water,  if  necessary,  to  the  consistence 
of  a  thin  paste,  acidify  slightly  with  hydrochloric  acid,  digest 
for  one  or  two  hours  at  a  temperature  between  60°  and  80°, 
and  strain  through  linen  moistened  with  water.  Extract  the 
residue  with  hot  water  acidified  with  hydrochloric  acid,  mix 
the  two  solutions,  supersaturate  with  ammonia,  and  evaporate 
to  dryness  with  addition  of  pure  sand,  which  will  enable  you 
to  reduce  the  residue  to  powder.  Boil  the  powder  repeatedly 
with  amyl  alcohol,  to  extract  the  whole  of  the  alkaloid  from 
it,  filtering  the  extracts  hot. 

The  filtrate,  which  is  mostly  colored  yellow,  holds,  besides 
the  alkaloid,  fatty  and  coloring  matters  in  solution.  To 
remove  these  latter,  transfer  to  a  cylinder,  add  ten  volumes 
of  almost  boiling  water,  acidified  with  hydrochloric  acid,  and 
vigorously  shake  the  mixture  for  some  time.  The  hydrochlo- 
rate  of  the  alkaloid  passes  into  the  water,  while  the  fatty  and 
coloring  matters  remain  dissolved  in  the  amyl  alcohol.  Re- 
move the  latter  with  a  pipette,  shake  the  acid  solution  re- 
peatedly with  fresh  quantities  of  amyl  alcohol,  until  the  fatty 
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and  coloring  matters  are  completely  removed.  Now  concen- 
trate by  evaporation,  add  ammonia  in  slight  excess^  then  some 
hot  amyl  alcohol^  and  shake  vigorously.  Allow  to  stand,  draw 
off  the  Tipper  layer  (the  solution  of  the  alkaloid  in  amyl 
alcohol),  and  treat  the  residual  fluid  once  more  with  hot  amyl 
alcohol.  Finally  evaporate  off  the  amyl  alcohol  on  a  water 
bath,  when  the  alkaloid  will  generally  be  left  sufficiently 
pure. 

Should  the  residue,  however,  not  be  perfectly  white,  re- 
dissolve  it  in  hydrochloric  acid,  shake  the  solution  with  amyl 
alcohol,  draw  off  the  latter,  supersaturate  with  ammonia, 
shake  again  with  amyl  alcohol,  then  draw  it  off  and  evaporate 
on  a  water  bath.  Before  proceeding  to  the  decisive  reactions, 
treat  a  portion  of  the  alkaloid  with  a  few  drops  of  strong 
sulphuric  acid;  if  a  brown  color  is  produced  the  purification 
must  be  repeated. 

Uslar  and  Erdmann  have  isolated  and  detected  by  this 
method  very  minute  quantities  of  alkaloids,  e.  ff.,  5  mgrm.  of 
hydrochlorate  of  morphine,  1  drop  of  nicotine,  9  mgrm.  of 
strychnine,  mixed  with  2  or  3  pounds  of  contents  of  the 
stomach.  Erdmann  calls  particular  attention  to  the  fact  that 
he  succeeded  in  separating  strychnine  and  morphine  from 
quite  putrid  intestines  of  poisoned  animals  twenty  or  thirty 
days  after  death. 

METHODS  FOE  DETECTINa  STETCHNIN'E,  DEPENDING 
ON  THE  USE  OF  CHLOROFORM. 

1.    After  Rodgers  and  Girdwood, 

Digest  with  dilute  hydrochloric  acid  (1  of  strong  acid  to  10 
of  water),  and  filter.  Evaporate  the  filtrate  on  the  water-bath 
to  dryness,  extract  the  residue  with  spirit  of  wine,  evaporate 
the  solution,  treat  the  residue  with  water,  and  filter.  Super- 
saturate the  filtrate  with  ammonia ;  add  10  c.c.  of  chloroform, 
and  shake.  Transfer  the  chloroform  to  a  dish  with  a 
pipette,  evaporate  on  the  water-bath,  moisten  the  residue  with 
strong  sulphuric  acid  to  carbonize  the  foreign  organic  sub- 
stances, treat  with  water  after  the  lapse  of  several  hours,  and 
filter.  Supersaturate  the  filtrate  agaifi  with  ammonia,  and  shake 
it  with  about  3  c.c.  of  chloroform.    Repeat  the  same  opera- 
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tion  until  the  residue  left  on  evaporation  of  the  chloroform  is 
no  longer  blackened  by  sulphuric  acid.  Finally  transfer  the 
pure  chloroform  solution_,  drop  by  drop  by  means  of  a  capillary 
tube  to  the  same  spot  on  a  heated  porcelain  dish,  letting  it 
evaporate,  then  test  the  residue  with  sulphuric  acid  and  chro- 
mate  of  potassium.  Rodgers  and  Girdwood  succeeded  in  de- 
tecting by  this  method  "03  mgrm.  of  strychnine. 

2.    After  ProlJius. 

Boil  twice  with  spirit  of  wine,  mixed  with  some  tartaric 
acid,  evaporate  at  a  gentle  heat,  filter  the  watery  solution  re- 
maining through  a  moistened  filter,  add  ammonia  in  slight 
excess,  then  1  c.c.  of  chloroform,  shake,  wash  the  chloroform 
thoroughly  by  decanting  and  shaking  with  water,  then  mix  it 
with  3  parts  of  spirit  of  wine,  and  allow  to  evaporate.  If 
there  is  any  notable  quantity  of  strychnine  present,  it  will  be 
obtained  in  crystals. 

3.    After  R.  P.  Thomas. 

This  method  includes  the  detection  of  morphine. 

Acidify  with  pure  acetic  acid"^  slightly,  and  digest  for 
several  hours  at  a  gentle  heat,  then  strain,  press,  filter,  add 
potash  in  good  excess,  and  shake  with  chloroform.  Separate 
the  chloroform,  wash  it  from  potash,  and  evaporate ;  the 
strychnine  will  be  found  in  the  residue.  The  morphine 
remains  in  the  potash,  and  may  be  precipitated  gradually  by 
chloride  of  ammonium. 

METHOD  OF  DETECTma  STRYCHlSrmE  BY  HEARTS  OF 

ANIMAL  CHARCOAL. 

Graham  and  Hofmann  employed  the  following  method  for 
detecting  strychnine  in  beer  : — 

Shake  2  oz.  of  animal  charcoal  in  half  a  gallon  of  the  beer ; 
let  the  mixture  stand  for  12  or  24  hours,  with  occasional 
shaking,  filter,  wash  the  charcoal  twice  with  water,  then  boil 
for  half  an  hour  with  8  oz.  of  spirit  of  wine  of  80 — 90  per 

*  Acetic  acid  is  recommended  because  the  tannates  of  strychnine  and 
morphine  are  soluble  in  it. 
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cent.,  avoiding  loss  of  alcohol  by  evaporation.  Filter  hot  and 
distil  the  filtrate ;  add  a  few  drops  of  potash  to  the  residual 
watery  fluid,  shake  with  ether,  and  when  the  latter  has  sepa- 
rated, decant  it.  Upon  the  spontaneous  evaporation  of  the 
ether  the  alkaloid  will  be  left  sufi&ciently  pure. 

Macadam  employed  the  same  method  in  his  numerous  ex- 
periments to  detect  strychnine  in  the  bodies  of  dead  animals. 
He  treated  the  finely-divided  matter  with  a  dilute  solution  of 
oxalic  acid  in  the  cold,  filtered  through  muslin,  washed  with 
water,  heated  to  boiling,  filtered  still  warm  from  the  coagu- 
lated albuminous  substances,  shook  with  charcoal,  and  pro- 
ceeded in  the  manner  first  described.  The  residue  left  by  the 
evaporation  of  the  alcoholic  solution  was  generally  at  once  fit 
to  be  tested  for  strychnine ;  where  it  was  not,  the  process  of 
treating  with  oxalic  acid,  shaking  with  charcoal,  &c.,  was 
repeated. 

SEPARATION  BY  DIALYSIS. 

This  process  may  be  advantageously  employed  for  the  sepa- 
ration of  crystallizable  alkaloids  from  the  contents  of  the 
stomach,  &c.  The  matter  should  be  acidified  with  hydrochloric 
acid  before  being  dialysed.  The  dialysate  may  be  concentrated 
by  evaporation,  and  the  alkaloid  precipitated,  and,  if  necessary, 
purified  as  before  described. 
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ADDITIONS  TO  TABLE  OF  SOLUBILITY. 

Aluminium  and  ammonium,  sulphate.  TV. 
Antimony_,  oxide.     Soluble  in  hydrochloric  acid,  insoluble  in 
nitric  acid. 

Antimony,  sulphide.  Dissolved  by  first  converting  it  into 
oxide  by  heating  with  nitric  acid,  and  then  adding  hydro- 
chloric acid. 

Antimony  and  potassium,  tartrate.  PF. 

Bismuth,  basic  chloride.  J. 

Bismuth,  basic  nitrate.  A. 

Cobalt,  sulphide.     Bather  soluble  in  nitric  acid,  decomposed 

with  great  difficulty  by  hydrochloric  acid. 
Copper,  basic  acetate.    Partially  soluble  in  water,  completely 

soluble  in  acids. 
Copper,  sulphide.    Decomposed  with  difficulty  by  hydrochloric 

acid,  readily  by  nitric  acid. 
Lead,  red  oxide.     Converted  by  hydrochloric  acid  into  chlo- 
ride, by  nitric  acid  into  nitrate  and  insoluble  binoxide. 
Manganese,  peroxide.     Beadily  soluble  in  hydrochloric  acid, 

insoluble  in  nitric  acid. 
Mercuric  sulphide.    Insoluble  in  hydrochloric  and  nitric  acids 

separately,  soluble  in  aqua  regia. 
Nickel,  sulphide.     Bather  soluble  in  nitric  acid,  decomposed 

with  great  difficulty  by  hydrochloric  acid. 
Potassium,  acid  carbonate.  TV. 
Potassium,  bichromate.  TV. 
Potassium,  acid  oxalate.  TV. 
Potassium,  acid  sulphate.  TV. 
Potassium,  acid  tartrate.  TV. 
Potassium  and  sodium,  tartrate.  TV. 
Sodium,  biborate.  TV. 
Sodium,  acid  carbonate.  TV. 
Sodium  and  ammonium,  phosphate.  TV. 

Stannous  and  stannic  sulphides.  Dissolved  by  warm  hydro- 
chloric acid,  converted  by  nitric  acid  into  insoluble  stannic 
oxide.  Sublimed  stannic  sulphide  is  only  dissolved  by 
warm  aqua  regia. 

Zinc,  sulphide.  Beadily  soluble  in  nitric  acid,  rather  diffi- 
cultly soluble  in  hydrochloric  acid. 
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CHEMISTRY,  INORGANIC  AND  ORGANIC ;  with  Experiments 

and  a  Comparison  of  Equivalent  and  Molecular  Formulae.  With  27G  Engravings  on  Wood. 
8vo.  cloth,  16s.  "  ' 

DR.  BOURGUIGNON. 

ON  THE  CATTLE  PLAGUE;  OR.  CONTAGIOUS  TYPHUS  IN 

HORNED  CATTLE:  its  History,  Origin,  Description,  and  Treatment.    Post  8vo.  5s. 


MR.  JOHN    E.  BOWMAN,   &.    MR.   C.   L.  BLOXAM. 

I. 

PRACTICAL  CHEMISTRY,  inclading  Analysis.    With  numerous  IlluS' 
trations  on  Wood.    Fifth  Edition.    Foolscap  8vo.  cloth,  6s.  Gd. 

II. 

MEDICAL  CHEMISTRY;  with  illustrations  on  ^Yood.   Fourth  EditioUj 
carefully  revised.    Fcap.  8vo.  cloth,  6s.  6d. 

DR.  JAMES    BRIGHT.  $ 

ON  DISEASES  OF  THE  HEART,  LUNGS,  &  AIR  PASSAGES;  I 

with  a  Review  of  the  several  Climates  recommended  in  these  Affections.  Third  Edi-  ,x 
tion.    Post  8vo.  cloth,  9s.  W 
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t  DR.    BRINTON,   F.R.S.  ^ 

THE  DISEASES  OF  THE  STOMACH,  with  au  Introduction  on  its 

Anatomy  and  Physiology;  being  Lectures  delivered  at  St.  Thomas's  Hospital.  Second 
Edition.  8vo.  cloth,  10s.  6c?.  II. 

INTESTINAL  OBSTRUCTION.    Edited  by  Dk.  Buzzam..    Post  8vo. 

cloth,  5s. 

MR.  BERNARD  E.  BRODHURST,  F.R.O.S. 

I. 

CURYATURES  OF  THE  SPINE:  their  Causes,  Symptoms,  Pathology, 
and  Treatment.    Second  Edition.    Roy.  8vo.  cloth,  with  Engravings,  7s.  M. 

II. 

ON  THE  NATURE  AND  TREATMENT  OF  CLUBFOOT  AND 

ANALOGOUS  DISTORTIONS  involving  the  TIBIO-TARSAL  ARTICULATION. 
With  Engravings  on  Wood.    8vo.  cloth,  4s.  %d. 

III. 

PRACTICAL  OBSERVATIONS  ON  THE  DISEASES  OF  THE 

JOINTS  INVOLVING  ANCHYLOSIS,  and  on  the  TREATMENT  for  the 
RESTORATION  of  MOTION.    Third  Edition,  much  enlarged,  8vo.  cloth,  4s. 

^  ^  VVVW%iV\WWWV%VVWVW  i  \ 


MR    BROOKE,  M.A.,  M.B.,  F.R  S 

^.  ELEMENTS  OE  NATUEAL  PHILOSOPHY.  Based  on  the  WoA  of  , 

X         the  late  Dr.  Golding  Bird.  Sixth  Edition.  With  700  Engravings.  Fcap.  8vo.  cloth  12s.  M  S 


V  DR-   T.   L.    BRUNTON,   B.SC,  M.B. 

i    ON  DIGITALIS.   Witi.  some  Observations  on  the  Urine.    Fcap.  8vo  «t 


MR.  THOMAS    BRYANT,  F.R.O.S. 
I. 


ON  THE  DISEASES  AND  INJURIES  OF  THE  JOINTS 

CLINICAL  AND  PATHOLOGICAL  OBSERVATIONS.  Post  8vo.  cloth  7s.  M, 


II. 


CLINICAL  SURGERY.    Parts  I.  to  VII.    8vo.,  35.  ^d,  each. 

DR.   BUCKLE,    M.D.,  L.R.C.P.LOND. 

VITAL  AND  ECONOMICAL  STATISTICS  OF  THE  HOSPITALS 

INFIRMARIES,  &c.,  OF  ENGLAND  AND  WALES.    Royal  8vo.  5s.  * 
DR.  JOHN  CHARLES  BUCKNILL,  F.R.S.,  &,  DR.  DANIEL  H.  TUKE 

A  MANUAL  OF  PSYCHOLOGICAL  MEDICINE:  containing 

the  History,  Nosology,  Description,  Statistics,  Diagnosis,  Pathology,  and  Treatment  of 
Insanity.    Second  Edition.    8vo.  cloth,  15s. 

DR.   BUDD,  F.R.S. 

ON  DISEASES  OF  THE  LIVEE. 

Illustrated  with  Coloured  Plates  and  Engravings  on  Wood.  Third  Edition.   8vo.  cloth,  16s.  ^ 

I  ON  THE  ORGANIC  DISEASES  AND  FUNCTIONAL  DIS-  \ 

ORDERS  OF  THE  STOMACH.    8vo.  cloth,  9s. 
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MR.   CALLENDER,   F.R.C.S.  ^ 

FEMOEAL   EUPTUEE:  Anatomy  of  the  Parts  concerned.   With  Plates. 
8vo.  cloth,  4s. 

DR.  JOHN    M.   CAMPLIN,  F.L.S. 

GN   DIABETES,   AND   ITS   SUCCESSFUL  TREATMENT. 

Third  Edition,  by  I)r.  Glover.    Fcap.  8vo.  cloth,  3s.  6cZ. 

MR.   ROBERT    B.   CARTER,  M.R.C.S. 

ON  THE  INFLUENCE  OF  EDUCATION  AND  TRAINING 

IN  PREVENTING  DISEASES  OF  THE  NERVOUS  SYSTEM.  Fcap.  8vo.,  6s. 

THE  PATHOLOGY  AND  TREATMENT  OF  HYSTERIA.  Post 

8vo.  cloth,  4s.  6(i?. 

DR.  CARPENTER,  F.R.S. 

PRINCIPLES  OF  HUMAN  PHYSIOLOGY.  With  numerous  liius- 

trations  on  Steel  and  Wood.    Sixth  Edition.    Edited  by  Mr.  Henry  Power.  8vo. 
cloth,  26s.  ir. 

A  MANUAL  OF  PHYSIOLOGY,     with  252  illustrations  on  Steel 
and  Wood.    Fourth  Edition.    Fcap.  8vo.  cloth,  12s.  Qd, 


III. 


THE  MICROSCOPE  AND  ITS  REVELATIONS.    With  more 

than  400  Engravings  on  Steel  and  Wood.    Fourth  Edition.    Fcap.  8vo.  cloth,  12s.  Qd. 
MR.  JOSEPH    PEEL   CATLOW,  M.R.C.S. 

ON  THE  PRINCIPLES  OF  J^STHETIC  MEDICINE;  or  the 

%         Natural  Use  of  Sensation  and  Desire  in  the  Maintenance  of  Health  and  the  Treatment  % 
of  Disease.    8vo.  cloth,  9s. 

DR.  CHAMBERS. 

LECTUEES,  CHIEFLY  CLINICAL  Fourth  Edition.  8vo.  cloth,  Us, 

THE  INDIGESTIONS  OE  DISEASES  OF  THE  DIGESTIYE 

ORGANS  FUNCTIONALLY  TREATED.    Second  Edition.    8vo.  cloth,  10s.  6i. 

III. 

SOME  OF  THE  EFFECTS  OF  THE  CLIMATE  OF  ITALY. 

Crown  8vo.  cloth,  4s.  6rf.   ^^-^^-^s^.^^ 

DR.  CHANCE,  M.B. 

YIECHOW'S  CELLULAE  PATHOLOGY,  AS  BASED  UPON 

PHYSIOLOGICAL  AND  PATHOLOGICAL  HISTOLOGY.    With  144  Engrav- 
ings on  Wood.    8vo.  cloth,  16s. 

MR.  H.    T.  CHAPMAN,  F.R.C.S. 

THE  TEEATMENT  OF  OBSTINATE  ULCEES  AND  CUTA- 

NEOUS  ERUPTIONS  OF  THE  LEG  WITHOUT  CONFINEMENT.  Third 
Edition.    Post  8vo.  cloth,  3s.  Qd. 

II. 

YAEICOSE  YEINS  :  their  Nature,  Consequences,  and  Treatment,  Pallia- 
tive  and  Curative.    Second  Edition.    Post  8vo.  cloth,  3s.  Qd. 
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J  MR.  PYE  HENRY  CHAVASSE,  F.R.C.S.  f 

ADVICE  TO.  A  MOTHER  ON  THE  MANAGEMENT  OF 

HER  CHILDREN.    Ninth  Edition.    Foolscap  8vo.,  2s.  6rf. 

ADVICE  TO  A  WIFE  ON  THE  MANAGEMENT  OF  HEE 

OWN  HEALTH.    With  an  Introductory  Chapter,  especially  addressed  to  a  Young 
Wife.    Eighth  Edition.    Fcap.  8vo.,  2s.  6d. 
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MR.   LE   GROS    CLARK,  F.R.C.S. 

OUTLINES  OF  SUEGERY  ;  being  an  Epitome  of  the  Lectures  on  the 
Principles  and  the  Practice  of  Surgery  delivered  at  St.  Thomas's  Hospital.  Fcap.  8vo. 
cloth,  5s. 


MR.  JOHN    CLAY,  M.R.C.S. 

KIWISCH  ON  DISEASES  OF  THE  OVARIES:  Translated, by 

permission,  from  the  last  German  Edition  of  his  Clinical  Lectures  on  the  Special  Patho- 
logy and  Treatment  of  the  Diseases  of  Women.  With  Notes,  and  an  Appendix  on  the 
Operation  of  Ovariotomy.    Royal  12mo.  cloth,  16s. 


DR.   COCKLE,  M.D. 

ON  INTEA-THORACIC  CANCEE.  8vo.  6s.  Gd. 


V 


MR.  COLLIS,    M.B.DUB.,  F.R.C.S.I. 

THE  DIAGNOSIS  AND  TREATMENT   OF  CANCER  AND 

$         THE  TUMOURS  ANALOGOUS  TO  IT.    With  coloured  Plates.    8vo.  cloth,  14s.  $ 


DR.  CONOLLY. 

THE  CONSTRUCTION  AND  GOYERNMENT  OF  LUNATIC 

ASYLUMS  AND  HOSPITALS  FOR  THE  INSANE.  With  Plans.  PostSvo. 
cloth,  6s. 

MR.  COOLEY. 

COMPREHENSIVE  SUPPLEMENT  TO  THE  PHARMACOP(EIAS. 

THE   CYCLOPiEDIA   OF   PRACTICAL   RECEIPTS,  PRO- 

CESSES,  AND  COLLATERAL  INFORMATION  IN  THE  ARTS,  MANU- 
FACTURES, PROFESSIONS,  AND  TRADES,  INCLUDING  MEDICINE, 
PHARMACY,  AND  DOMESTIC  ECONOMY ;  designed  as  a  General  Book  of 
Reference  for  the  Manufacturer,  Tradesman,  Amateur,  and  Heads  of  Families.  Fourth 
and  greatly  enlarged  Edition,  8vo.  cloth,  28s. 


MR.   W.   WHITE  COOPER. 

ON  WOUNDS  AND  INJURIES  OF  THE  EYE.  Illnstrated  by 

17  Coloured  Figures  and  41  Woodaits.    8vo.  cloth,  12s. 
^  II. 

ON  NEAR  SIGHT,   AGED  SIGHT,   IMPAIRED  YISION, 

AND  THE  MEANS  OF  ASSISTING  SIGHT.    With  31  Illustrations  on  Wood.  ^ 
^         Second  Edition.    Fcap.  8vo.  cloth,  7s.  6d. 


■*^t  ■ — •   3c 

14  MESSRS.  CHURCHILL  &  SONS'  PUBLICATIONS. 


•*-^ — — —  

SIR   ASTLEY   COOPER,   BART.,  F.R.S. 

ON  THE  STEFCTFRE  AND  DISEASES  OE  THE  TESTIS. 

Witli  24  Plates.    Second  Edition.    Royal  4to.,  20s. 
MR.  COOPER. 

A  DICTIONAEY  OF  PEACTICAL  SUKGEEY  AND  ENCYCLO- 

PiEDIA  OF  SURGICAL  SCIENCE.  Ncav  Edition,  brought  down  to  the  present 
time.  By  Samuel  A.  Lane,  F.R.C.S.,  assisted  by  various  eminent  Surgeons.  Vol,  I., 
8vo.  cloth,  £1.  5s. 


MR.   HOLMES    COOTE,  F.R.C.S. 

A  REPOET  ON  SOME  IMPOETANT  POINTS  IN  THE 

TREATMENT  OF  SYPHILIS.    8vo.  cloth,  5s. 

DR.  COTTON. 

PHTHISIS  AND  THE  STETHOSCOPE;  OE,  THE  PHYSICAL 

SIGNS  OF  CONSUMPTION.    Third  Edition.    Foolscap  8yo.  cloth,  3s. 

MR.  COULSON. 

ON  DISEASES  OF  THE  BLADDER  AND  PEOSTATE  GLAND. 

New  Edition,  revised.    In  Preparation. 

MR.   WALTER    COULSON,  F.R.C.S. 

STONE  IN  THE  BLADDEE  :  With  Special  Reference  to  its  PreventioD, 
Early  Symptoms,  and  Treatment  by  Lithotrity.    8vo.  cloth,  6s. 

MR.   WILLIAM   CRAIG,   L.F.P.S.,  GLASGOW. 

ON  THE  INFLUENCE  OE  TAEIATIONS  OF  ELECTEIC  ^ 

TENSION  AS  THE  REMOTE  CAUSE  OF  EPIDEMIC  AND  OTHER  % 
DISEASES.    8 vo.  cloth,  10s. 


MR.  CURLING,  F.R.S. 

OBSERYATIONS  ON  DISEASES  OF  THE  EEOTUM.  Thhd 

Edition.    8vo.  cloth,  7s.  Gd.  jj 

A  PEACTICAL  TEEATISE  ON  DISEASES  OF  THE  TESTIS, 

SPERMATIC  CORD,  AND  SCROTUM.    Third  Edition,  with  Engravings.  8vo. 

cloth,  16s.   .www^ 

DR.  WILLIAM  DALE,  M.D.LOND. 

A  COMPENDIUM  OF  PEACTICAL  MEDICINE  AND  MORBID 

ANATOMY.    With  Plates,  12mo.  doth,  7s. 

DR.    DALRYMPLE,   M.R.C.P.,  F.R.C.S. 

THE  CLIMATE  OF  EGYPT :  METEOEOLOGICAL  AND  MEDI- 

CAL  OBSERVATIONS,  with  Practical  Hints  for  Invalid  Travellers.  Post  8vo.  cloth,  4s. 


MR.  JOHN    DALRYMPLE,   F.R.S.,  F.R.C.S. 

PATHOLOGY  OF  THE  HUMAN  EYE.    Complete  in  Nine  Fasciculi: 

imperial  4to.,  20s.  each;  half-hound  morocco,  gilt  tops,  Ql,  15s. 


DR.  HERBERT  DAVIES^ 

ON  THE  PHYSICAL  DIAGNOSIS  OF  DISEASES  OF  THE 

LUNGS  AND  HEART.    Second  Edition.    Post  8vo.  cloth,  8s. 
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DR.    D  A  V  E  Y. 

THE  GANGLIONIC  NEEVOUS'SYSTEl :  its  Stractare,  Functions, 

and  Diseases.    8vo.  cloth,  9s.  ii. 

ON  THE  NATUEE  AND  PEOXIMATE  CAUSE  OF  IN- 

SANITY.   Post  8vo.  cloth,  Bs.  

DR.  HENRY  DAY,  M.D.,  M.R.C.P. 

CLINICAL  HISTOEIES  ;  Avith  Comments.    8vo.  cloth,  7^.  Qd. 


MR.  DIXON. 

A  GUIDE  TO  THE  PEACTICAL  STUDY  OE  DISEASES  OF 

THE  EYE.    Third  Edition.    Post  8vo.  cloth,  9s. 


DR.  DOBELL. 

DEMONSTRATIONS  OF  DISEASES  IN  THE  CHEST,  AND 

THEIR  PHYSICAL  DIAGNOSIS.    With  Coloured  Plates.   8vo.  cloth,  12s.  Crf. 

LECTURES  ON  THE  GEEMS  AND  YESTIGES  OF  DISEASE, 

and  on  the  Prevention  of  the  Invasion  and  Fatality  of  Disease  by  Periodical  Examinations. 
8vo.  cloth,  6s.  6d.  lu 

t   ON  TUBERCULOSIS :  ITS  NATURE,  CAUSE,  AND  TREAT-  f 

MENT;  with  Notes  on  Pancreatic  Juice.    Second  Edition.    Crovv^n  8vo.  cloth,  3^.  6d. 

LECTURES  ON  WINTER  COUGH  (CATARRH,  BRONCHITIS,  i 

^         EMPHYSEMA,  ASTHMA);  with  an  Appendix  on  some  Principles  of  Diet  in 

Disease.    Post  8vo.  cloth,  5s.  6d.  ^ 

LECTURES  ON  THE  TRUE  FIRST  STAGE  OF  CONSUMP-  ' 

%         TION.    Crown  8vo.  cloth,  3s.  6d.  {) 

DR.  TOOGOOD  DOWNING. 

NEUEALGIA:   its  various  Forms,  Pathology,  and  Treatment.  The 
Jacksonian  Prizk  Essay  for  1850.    8vo.  cloth,  10s.  6d. 
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DR.   DRUITT,  F.R.C.S. 

THE  SUEGEON'S  VADE-MECUM;  with  numerous  Engravings  on 
Wood.    Ninth  Edition.    Foolscap  8 vo.  cloth,  12s.  6(/. 

MR.  DUNN,  F.R.C.S. 

PSYCHOLOGY— PHYSIOLOGICAL,  4^.;  MEDICAL,  3^. 


MR.  ERNEST  EDWARDS,  B.A. 

PHOTOGRAPHS  OF  EMINENT  MEDICAL  MEN,  with  brief 

Analytical  Notices  of  their  Works.    Vols.  I.  and  II.  (24  Portraits),  4to.  cloth,  24s.  each. 
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SIR  JAMES    EYRE,  WI.D. 

THE  STOMACH  AND  ITS  DIFFICULTIES.    Fifth  Edition. 

Fcap.  8vo.  cloth,  2s.  6d.  jj 

PEACTICAL  EEMAEKS  ON  '  SOME   EXHAUSTING  DIS- 

EASES.    Second  Edition.   Post  8vo.  cloth,  4s.  6d.  i 


DR.  FAYRER,  M.D.,  F.R.C.S. 

I  CLINICAL  SURGERY  IN  INDIA,  with  Engravings.  8vo.  doth,  16s. 
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DR.  FENWICK. 

THE  MORBID  STATES  OF  'tHE  STOMACH  AND  DTJO- 

DENUM,  AND  THEIR  RELATIONS  TO  THE   DISEASES  OF  OTHER 
ORGANS.    With  10  Plates.    8vo.  cloth,  12s. 

ON  SCROFULA  AND  CONSUMPTION.    ClergymaD's  Soro  Throat, 

Catarrh,  Croup,  Broncliitis,  Asthma.    Fcap.  8vo.,  2s.  6d. 


SIR  WILLIAM  FERGUSSON,  BART.,  F.R.S. 

A  SYSTEM  OF  PRACTICAL'' SURGERY;  with  numerous  llhis- 

trations  on  "Wood.    Fourth  Edition.    Fcap.  8vo.  cloth,  12s.  6d. 

LECTURES   ON  THE    PEOGEESS   OF   ANATOMY  AND 

SURGERY  DURING  THE  PRESENT  CENTURY.  With  numerous  Engravings. 
8vo.  cloth,  10s. 

SIR   JOHN    FIFE,   F.R.C.S.   AND    MR.  URQUHART. 

MANUAL  OF  THE  TUEKISH  BATH.     Heat  a  Mode  of  Cure  and 
a  Source  of  Strength  for  Men  and  Animals.    With  Engravings.    Post  8vo.  cloth,  5s. 


MR.  FLOWER,  F.R.S.,  F.R.C.S. 

DIAGRAMS  OF  THE  NERVES  OF  THE  HUMAN  BODY, 

exhibiting  their  Origin,  Divisions,  and  Connexions,  with  their  Distribution  to  the  various 
Regions  of  the  Cutaneous  Surface,  and  to  all  the  Muscles.  Folio,  containing  Six 
Plates,  14s. 

MR.   FOWNES,   PH.D.,  F.R.S. 
I. 

A    MANUAL    OF    CHEMISTEY;  with  187  illustrations  on  Wood. 

Tenth  Edition.    Fcap.  8vo.  cloth. 

Edited  by  H.  Bence  Jones,  M.D.,  F.R.S.,  and  Henry  Watts,  B.A.,  F.R.S. 

CHEMISTEY,  AS  EXEMPLIFYING  THE  WISDOM  AND 

BENEFICENCE  OF  GOD.    Second  Edition.    Fcap.  8vo.  cloth,  4s.6d. 

INTEODUCTION  TO  QUALITATIVE  ANALYSIS.  Post  8vo.  doth,  2.. 

DR.    D.  J.   T.  FRANCIS. 

CHANGE  OF  CLIMATE  1  considered  as  a  Remedy  in  Dyspeptic,  Pul- 
monary, and  other  Chronic  Affections;  with  an  Account  of  the  most  Eligible  Places  of 
Residence  for  Invalids,  at  different  Seasons  of  the  Year.    Post  8vo.  cloth,  8s.  6d. 

DR.  W.  FRAZER. 

ELEMENTS  OF  MATEEIA  MEDICA ;  containing  the  Chemistry 
and  Natural  History  of  Drugs — their  Effects,  Doses,  and  Adulterations.    Second  Edition. 

8vo.  cloth,  10s.  6d.   

DR.  FULLER. 

ON  DISEASES  OF   THE  LUNGS   AND  AIR  PASSAGES. 

Second  Edition.    8vo.  cloth,  12s.  6d. 

ON  DISEASES  OF  THE  HEART  AND  GREAT  VESSELS,  f 

8vo.  cloth,  7s.  6d.  iii. 

ON  RHEUMATISM,  RHEUMATIC  GOUT,  AND  SCIATICA: 

their  Pathology,  Symptoms,  and  Treatment.    Third  Edition.    8vo.  cloth,  i2s.  6d. 
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PROFESSOR  FRESENIUS. 

A  SYSTEM  OF  INSTETJCTION  IN  CHEMICAL  ANALYSIS, 

Edited  by  Lloyd  Bullock,  F.C.S. 
Qualitative.    Sixth  Edition,  with  Coloured  Plate  illustrating  Spectrum  Analysis.  8vo. 
cloth,  10s.  6d.  Quantitative.    Fourth  Edition.    8vo.  cloth,  18s. 

MR.  GALLOWAY. 
I. 

THE  FIEST  STEP  IN  CHEMISTEY.    With  numerous  Engravings. 

Fourth  Edition.  Fcap.  8vo.  cloth,  6s. 6<i.  ii. 

A  KEY  TO  THE  EXERCISES  CONTAINED  IN  ABOVE.  Fcap. 

8vo.,  2s.  Gd.  HI. 

THE  SECOND  STEP  IN  CHEMISTRY ;  or,  the  student's  Guide  to 

the  Higher  Branches  of  the  Science.    With  Engravings.    8vo.  clotli,  10s. 

IV, 

A  MANUAL  OF  QUALITATIVE  ANALYSIS.  Fourth  Edition. 

Post  8vo.  cloth,  6s.  6d.  V. 

CHEMICAL  TABLES.    On  Five  Large  Sheets,  for  Scliool  and  Lecture 
Rooms.    Second  Edition.    4p.  6d. 

MR.   J.   SAPyiPSON  GAMGEE. 

HISTOEY  OF  A  SUCCESSFUL  CASE  OF  AMPUTATION  AT  t 

THE  HIP-JOINT  (the  limb  48-in.  in  circumference,  99  pounds  weight).  With  4  ^ 
Photographs.    4to  cloth,  10s.  6d.  ^ 


MR.    F.   J.    GANT,  F.R.G.S. 

THE  PEINCIPLES  OE  SUEGERY  :    Clinical,  Medical,  and  Opera-  | 
tive.    With  Engravings,    8vo.  cloth,  18s.  % 

THE  lEEITABLE  BLAI)DEE?its  Causes  and  Curative  Treatment.  ^ 
Second  Edition,  enlarged,    CroAvn  8vo,  cloth,  5s. 

IVIR.   GAY,  F.R.G.S. 

ON  VARICOSE  DISEASE  OF  THE  LOWER  EXTREMITIES. 

Lettsomian  Lectures.    With  Plates.    8vo.  cloth,  5s. 

SIR  DUr-^JCAN  GIBB,  BART.,  M.D. 

ON  DISEASES  OF  THE  THROAT  AND  WINDPIPE,  as 

reflected  by  the  Laryngoscope.    Second  Edition.    With  116  Engravings.     Post  8vo. 
cloth,  10s.  6d.  II. 

THE  LARYNGOSCOPE  IN  DISEASES  OF  THE  THROAT, 

Avith  a  Chapter  on  Ehikoscoby.    Second  Edition,  enlarged,  with  Engravings.  Crown 
8vo.,  cloth,  5s. 

MRS.  GODFREY. 

ON  THE  NATUEE,  PEEYENTION,  TREATMENT,  iND  CURE 

OF  SPINAL  CURVATURES  and  DEFORMITIES  of  the  CHEST  and  LIMBS, 
without  ARTIFICIAL  SUPPORTS  or  any  MECHANICAL  APPLIANCES. 
Third  Edition,  Revised  and  Enlarged.    8vo.  cloth  5s. 

C.B. 

ARMY  HYGIENE.  8yo.  doth,  20s.  ] 
CHINA,  FROM  A  MEDICAL '.POINT  OF  TIEW ;  IN  1860  « 

AND  1861;  With  a  Chapter  on  Nagasaki  as  a  Sanatarium.    8vo.  cloth,  10s.  6(/.  ^ 


DR.   GORDON,    M.D.,  C.B. 
I. 
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^  DR.  GAIRDNER.  ^ 

^    ON  GOUT :  its  Historv,  its  Causes,  and  its  Cure.    Fourth  Edition.  Post 

8vo.  cloth,  iis.  6d. 

DR.   GRANViLLE,  F.R.S. 

THE  MINERAL  SPRINGS  OF  VICHY :  their  EiBcacy  in  the 

Treatment  of  Gout,  Indigestion,  Gravel,  &c.    Svo.  cloth,  3s. 

ON  SUDDEN  DEATH.    Post  8vo.,  2s.  Gd. 

DR.   GRAVES    M.D.,  F.R.S. 

STUDIES  IN   PHYSIOLOGY  AND  MEDICINE.  Edited  by 

Dr.  Stokes.    With  Portrait  and  Memoir.    8vo.  cloth,  14s. 

DR.   S.   G.   GRIFFITH,  MD. 

ON  DERMATOLOGY  AND  THE  TEEATMENT   OF  SKIN 

DISEASES  BY  MEANS  OF   HERBS,  IN  PLACE   OF  ARSENIC  AND 
MERCURY.    Fcap.  8vo.  cloth,  3s. 

MR.  GRIFFITHS. 

CHEMISTRY    OF    THE    FOUR    SEASONS -Spring,  Summer, 
\*         Autumn,  Winter.    Illustrated  with  Engravings  on  Wood.    Second  Edition.    Foolscap  *S 
8vo.  cloth,  7s.  6d.    i 

THE  SIMPLE  TREATMENT  OF  DISEASE;  deduced  from  tiic  | 

Methods  of  Expectancy  and  Revulsion.    18mo.  cloth,  4s. 


DR.  GUY  AND    DR.  JOHN   HARLEY.  fl 

IIOOPEE'S  PHYSICIAN'S  YADE-MECUM;  OR,  MANUAL  OF 

THE  PRINCIPLES  AND  PRACTICE  OF  PHYSIC.  Seventh  Edition,  consider-  £ 
ably  enlarged,  and  rewritten.    Foolscap  8vo.  cloth,  l'2s.  6d. 

GUY'S  HOSPITAL  REPORTS.    Tliird  Series.    Vol.  Xni.,  8vo.  7s.  ed. 

DR.   HABERSHON,  F.R.C.P. 

ON  DISEASES   OF  THE  ABDOMEN,   comprising  those  of  the 

Stomach  and  other  Parts  of  the  Alimentary  Canal,  CEsophagiis,  Stomach,  Caecum, 
Intestines,  and  Peritoneum.    Second  Edition,  with  Plates.    8vo.  cloth,  14s. 

ON  THE  INJURIOUS  EFFECTS  OF  MERCUEY  IN  THE 

TREATMENT  OF  DISEASE.    Post  8vo.  cloth,  3s.  GJ. 


DR.   C.  RADCLYFFE  HALL. 

TORQUAY  IIN  ITS  MEDICAL  ASPECT  AS  A  RESORT  FOR 

PULMONARY  INVALIDS.    Post  8vo.  cloth,  5s. 


DR.   MARSHALL    HALL,  F.R.S. 

^  PRONE  AND  POSTURAL  RESPIRATION  IN  DROWNING 

AND   OTHER   FORMS  OF  APNGEA   OR   SUSPENDED  RESPIRATION. 
Post  Cvo.  cloth.  OS.  II.  » 

|/  PRACTICAL  ORSERYATIONS  AND  SUGGESTIONS  IN  MEDI-  | 

CINE.    Srronb  SfVtcs.    Post  8vo.  cloth,  8s.  6d.  ^ 
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MR.  HARDWICH. 

A    MANUAL    OF   PHOTOGRAPHIC    CHEMISTKY.  with 

Engravings.    Seventh  Edition.    Foolscap  8vo,  doth,  7s.  6d, 


DR.  J.   BOWER   HARRISON,   M.D.,  M.R.C.P. 

LETTERS  TO  A  TOTING  PRACTITIONER  ON  THE  Dis- 
eases OF  CHILDREN.   Foolscap  8vo.  cloth,  3s. 

ON  THE  CONTAMINATION  OF  WATER  BY  THE  POISON 

OF  LEAD,  and  its  Eflfects  on  the  Human  Body.    Foolscap  8vo.  cloth,  3s.  6d, 

DR.  HARTWIG, 
I. 

ON  SEA  BATHING  AND  SEA  AIR.     Second  Edition.  Fcap. 

8vo.,  2s.  6d,  II. 

ON  THE  PHYSICAL  EDUCATION  OF  CHILDREN.  Fcap. 

oVO.,  LS,  Da. 

DR.  A.   H.  HASSALL. 

,  THE  URINE,  IN  HEALTH  AND  DISEASE ;  iciDg  an  Ex- 

\         planation  of  the  Composition  of  the  Urine,  and  of  the  Pathology  and  Treatment  of 
Urinary  and  Renal  Disorders.    Second  Edition.    With  79  Engravings  (23  Coloured). 
^         Post  8vo.  cloth,  12s.  Grf. 

THE  MICROSCOPIC  ANATOMY  OF  THE  HUMAN  BODY, 

IN  HEALTH  AND  DISEASE.  Illustrated  with  Several  Hundred  Drawings  in 
Colour.    Two  vols.  8vo.  cloth,  £1.  10s. 


MR.  ALFRED    HAVILAND,  M.R.C.S. 

CLIMATE,  WEATHER,  AND  DISEASE ;  being  a  Sketch  of  ti,o 

Opinions  of  the  most  celebrated  Ancient  and  Modern  Writers  with  regard  to  the  Influence 
of  Climate  and  Weather  in  producing  Disease.  With  Four  coloured  Engravings.  8vo. 
cloth,  7s. 


DR.    HEADLAND,   IVi.D.,  F.R.C.P. 

ON  THE  ACTION  OF  MEDICINES  IN  THE  SYSTEM. 

Fourth  Edition.    Cvo.  cloth,  14s. 

TI. 

A  MEDICAL  HANDBOOK ;  comprehending  such  Information  on  Medical 

and  Sanitary  Subjects  as  is  desirable  in  Educated  Persons.  Second  Thousand.  Foolscap 
8vo.  cloth,  5s. 

DR.  HEALE. 

A  TREATISE  ON  THE  PHYSIOLOGICAL  ANATOMY  OF 

THE  LUNGS.    With  Engravings.    8vo.  clotli,  8s. 

A  TREATISE  ON  VITAL  CAUSES.  8vo.  doth,  9^. 
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I. 


PRACTICAL  ANATOMY:  a  Manual  of  Dissections.    With  numerous 

Engravings.    Fcap.  8vo.  cloth,  10s.  Qd. 


II. 


A  IIANUAL  OF  MINOR  SUEGERY  AND  BANDAGING,  FOR 

THE  USE  OF  HOUSE-SURGEONS,  DRESSERS,  AND  JUNIOR  PRAC- 
TITIONERS.   With  Illustrations.    Third  Edition.    Fcap.  8vo.  cloth,  bs. 

III. 

INJURIES  AND  DISEASES  OF  THE  JAWS.  Jacksonian 

Prize  Essay.    With  Engravings.    8vo.  cloth,  12s. 


MR.   HIGGINBOTTOM,    F.R.S.,  F.R.C.S.E. 

A  PRACTICAL  ESSAY  ON  THE  USE  OF  THE  NITRATE  OF 

SILVER  IN  THE  TREATMENT  OF  INFLAMMATION,  AVOUNDS,  AND 
ULCERS.    Third  Edition,  8vo.  cloth,  6s. 


THE  HARMONIES  OF  PPIYSIcirSCIENCE  IN  RELATION 

1  TO  THE  HIGHER  SENTIMENTS;  with  Observations  on  Medical  Studies,  and  on 

V  the  Moral  and  Scientific  Relations  of  Medical  Life.    Post  8vo.  cloth,  4s. 

MR.   J.   A.   HINGESTON,  M.R.G.S. 

§«  TOPICS  OF  THE  DAY,  MEDICAL,  SOCIAL,  AND  SCIENTIFIC. 

Crown  8vo.  cloth,  7s.  6c/. 


DR.  HODGES. 

THE  NATURE,  PATHOLOGY,  AND  TREATMENT  OF  PUER- 

PERAL  CONVULSIONS.    Crown  8vo.  cloth,  3s. 


DR.    DECIMUS  HODGSON. 

THE  PROSTATE  GLAND,  AND  ITS  ENLARGEMENT  IN 

OLD  AGE.    With  12  Plates.    Royal  8vo.  cloth,  6s. 


MR.   JABEZ  HOGG. 

A  MANUAL  OF  OPHTHALMOSCOPIC  SUEGERY ;  being  a 

Practical  Treatise  on  the  Use  of  the  Ophthalmoscope  in  Diseases  of  the  Eye.  Third 
Edition.    With  Coloured  Plates.    8vo.  cloth,  10s.  Qd. 


MR.  LUTHER    HOLDEN,  FR.C.S. 
I. 

HUMAN    OSTEOLOGY  :  with  Plates,  showing  the  Attachments  of  the 

Muscles.    Third  Edition,    ovo,  cloth,  16s. 

A  MANUAL  OF  THE  DISSECTION  OF  THE  HUMAN  BODY. 

With  Engravings  on  Wood.    Third  Edition.    8 vo.  cloth,  16s. 

MR.    BARNARD    HOLT,  F.R.C.S. 

ON  THE  BOIEDIATE  TREATMENT  OF  STRICTURE  OF 

THE  URETHRA.     Third  Edition,  Enlarged.     8vo.  cloth,  6s. 
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DR.   W.   CHARLES  HOOD. 

SUGGESTIONS  FOE  THE  FUTURE  PEOYISION  OF  CRIMI- 
NAL LUNATICS.    8vo.  cloth,  5s.  6d. 

THE  SUCCESSFUL  TREATMENT  °0F   SCARLET  FEYER; 

also,  OBSERVATIONS  ON  THE  PATHOLOGY  AND  TREATMENT  OF 
CROWING  INSPIRATIONS  OF  INFANTS.    Post  8vo.  cloth,  5s, 


MR.  JOHN  HORSLEY. 

A  CATECHISM  OF  CHEMICAL  PHILOSOPHY ;  being  a  Familiar 

Exposition  of  the  Principles  of  Chemistry  and  Physics.    "With  Engravings  on  Wood. 
Designed  for  the  Use  of  Schools  and  Private  Teachers.    Post  8vo.  cloth,  6s.  6d. 
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DR.   JAMES    A.   HORTON,  M.D. 

PHYSICAL  AND  MEDICAL  CLIMATE  AND  METEOROLOGY 

OF  THE  WEST  COAST  OF  AFRICA.    Bvo.  cloth,  10s. 

MR.   LUKE    HOWARD,  F.R.S. 

ESSAY  ON  THE  MODIFICATIONS  OF  CLOUDS.    Tiiird  Edition, 

by  W.  D.  and  E.  Howard.  With  6  Lithographic  Plates,  from  Pictures  by  Kenyon.  ^ 
4to.  cloth,  10s.  6d.   

DR.   HAMILTON    HOWE,  M.D, 

A  THEORETICAL  INQUIRY  INTO  THE  PHYSICAL  CAUSE 

OF  EPIDEMIC  DISEASES.    Accompanied  with  Tables.    8vo.  cloth,  7s. 


DR.  HUFELAND. 

THE   AET    OF    PROLONGING   LIFE.    Second  Edition.  Edited 

by  Erasmus  Wilson,  F.R.S.    Foolscap  8vo,,  2s.  6d. 


MR.    W.   CURTIS    HUGMAN,  F.R.C.S. 

ON  HIP  JOINT  DISEASE;  with  reference  especially  to  Treatment 
by  Mechanical  Means  for  the  Relief  of  Contraction  and  Deformity  of  the  Affected  Limb. 
With  Plates.    Re-issue,  enlarged.    8vo.  cloth,  3s.  6d. 


MR.   HULKE,  F.RC.S. 

A    PEACTICAL    TEEATISE    ON    THE    USE   OF  THE 

OPHTHALMOSCOPE.    Being  the  Jacksonian  Prize  Essay  for  1859.    Royal  8vo. 
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DR.    HENRY  HUNT. 

ON  HEARTBURN  AND  INDIGESTION.    8vo.  cioti,,  5s. 

MR.   G.   Y.   HUNTER,  M.R.C.S. 

BODY    AND    MIND  :    the  Xervous  System  and  its  Derangements. 
Fcap.  Bvo.  cloth,  3s.  6d. 
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PROFESSOR    HUXLEY,   F.R.S.  (\ 

LECTUEES    ON    THE    ELEMENTS    OF    COMPAEATIYE  I 

ANATOMY.— ON  CLASSIFICATON  AND  THE  SKULL.    With  111  Illus-  <F 

trations.    Bvo.  cloth,  10s.  6d.  W 
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MR.  JONATHAN    HUTCHINSON,  F.R.C.S. 

A  CLINICAL  MEMOIR  ON  CERTAIN  DISEASES  OF  THE 

EYE  AND  EAR,  CONSEQUENT  ON  INHERITED  SYPHILIS;  with  an 
appended  Chapter  of  Commentaries  on  the  Transmission  of  Syphilis  from  Parent  to 
Offspring,  and  its  more  remote  Consequences.    With  Plates  and  Woodcuts,  tlvo.  cloth,  9s. 


DR.   INMAN,  M.R.G.P. 

ON  MYALGIA:  ITS  NATMe!' CAUSES,  AND  TREATMENT; 

being  a  Treatise  on  Painful  and  other  Affections  of  the  Muscular  System.  Second 
Edition.    8vo.  cloth,  9s. 

FOUNDATION  FOE  A  NEW  THEORY  AND  PRACTICE 

OF  MEDICINE.    Second  Edition.    Crown  8vo.  cloth,  10s. 


DR.  JAGO,   M.D.OXON.,  A.B.CANTAB. 

ENTOPTICS,  WITH  ITS  USES  IN  PHYSIOLOGY  AND 

MEDICINE.    With  54  Engravings.    Crown  8vo.  cloth,  5s. 


MR.  J.  H.  JA.VIES,  F.R.C.S. 

PRACTICAL  OBSERVATIONS 'on  THE  OPERATIONS  EOR 

STRANGULATED  HERNIA.    8vo.  cloth,  5s. 

ON   THE  DISTINCTIVE  CHARACTERS  OE  EXTERNAL 

INFLAMMATIONS,  AND  ON  INFLAMMATORY  OR  SYMPATHETIC 
FEVER.    <'5yo.  cloth,  5s. 

DR.   PROSSER   JAMES,  M.D. 

SORE-THROAT:  ITS  NATURE,  VARIETIES,  AND  TREAT- 

MENT  ;  including  the  Use  of  the  LARYNGOSCOPE  as  an  Aid  to  Diagnosis.  Second 
Edition,  with  numerous  Engravings.    Post  8vo.  cloth,  5s. 

DR.  JENCKEN,   M.D.,  M.R.C.P. 

THE   CHOLERA  :    ITS   ORIGIN,   IDIOSYNCRACY,  AND 

TREATMENT.    Fcap.  3vo.  cloth,  2s.  Gd. 

DR.   HANDFIELD   JONES,   M.B.,  F.R.C.P. 

CLINICAL  OBSERVATIONS  ON  FUNCTIONAL  NERVOUS 

DISORDERS.    Post  8vo.  cloth,  10s.  6d. 


DR.   H.   BENCE   JONES,   M.D.,  F.R.S. 
I. 

LECTURES    ON   SOME   OE    THE   APPLICATIONS  OF 

CHEMISTRY  AND  MECHANICS  TO  PATHOLOGY  AND  THERA- 
PEUTICS.   Ovo.  cloth,  12s. 

II. 

CROONIAN  LECTURES  ON  MATTER  AND  FORCE.   Fcap.  8vo. 

cloth.   

DR.  HANDFIELD  JONES,  F.R.S.,  &,  DR.  EDWARD   H.  SIEVEKINQ. 

A  MANUAL  OF  PATHOLOGICAL  ANATOMY.  iiiustr,itcd  with 

numerous  Engravings  on  Wood.    Foolscap  8 vo.  cloth,  12s.  6c/. 
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DR.  JAMES   JONES,   IVl^D.,  M.R.C.P. 

ON  THE  USE  OF  PEECHLORIDE  OF  lEON  AND  OTHEE 

CHALYBEATE  SALTS  IN  THE  TREATMENT  OF  CONSUMPTION.  Crown 
8vo.  cloth,  ds.  6d. 

MR.  WHARTON   JONES,  F.R.S. 

A  MANUAL  OF  THE  PEINCIPLES  AND  PEACTICE  OF 

OPHTHALMIC  MEDICINE  AND  SURGERY;  with  Nine  Coloured  Plates  and 
]  73  Wood  Engravings.  Third  Edition,  thoroughly  revised.   Foolscap  8vo.  cloth,  12s.  6d. 

THE  WISDOM  AND  BENEFICENCE  OF  THE  ALMIGHTY, 

AS  DISPLAYED  IN  THE  SENSE  OF  VISION.  Actonian  Prize  Essay.  With 
Illustrations  on  Steel  and  Wood.   Foolscap  8vo.  cloth,  4s.  6d. 

III. 

DEFECTS  OF  SIGHT  AND  HEAEING :  theh-  Nature,  Causes,  Pro- 

vention,  and  General  Management.  Second  Edition,  with  Engravings.  Fcap.  8vo.  2s.  6rf. 

IV. 

A  CATECHISM  OF  THE  MEDICINE  AND  SURGEET  OF 

THE  EYE  AND  EAR.  For  the  Clinical  Use  of  Hospital  Students.  Fcap.  8vo.  2s.  6d. 

A  CATECHISM  OF  THE  PHYSIOLOGY  AND  PHILOSOPHY 

OF  BODY,  SENSE,  AND  MIND.    For  Use  in  Schools  and  Colleges.    Fcap.  8vo 
2s.  6d. 

MR.   FURNEAUX    JORDAN,  M.R.C.S. 

AN  INTEODTJCTION  TO  CLINICAL  SUEGEEY;  WITH  A 

Method  of  Investigating  and  Reporting  Surgical  Cases.    Fcap.  8vo.  cloth,  5s. 

DR.  LAENNEC. 

A  MANUAL  OF  AUSCULTATION  AND  PEECUSSION.  Trans- 

lated  and  Edited  by  J.  B.  Sharpe,  M.R.C.S.  ?js. 

DR.   LANE,  M.A. 

HYDEOPATHT;   OE,  HYGIENIC  MEDICINE.    An  Explanatory 

Essay.    Second  Edition.    Post  8vo.  cloth,  as. 

SIR   WM.   LAWRENCE,   BART.,  F.R.S 

LECTUEES  ON  SUEGEEY.    8vo.  doth,  i6s. 

II. 

A  TEEATISE  ON   EUPTUEES.     Tho  Fifth  Edition,  considerably 

enlarged.    8vo.  cloth,  1 6s. 
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DR.   LEARED,    M.R.C.P,  ^ 

IMPEEFECT  DIGESTION:  ITS  CAUSES  AND  TEEATMENT.  ^ 

Fourth  Edition.    Foolscap  8vo.  cloth,  4s.  i| 
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DR.   EDWIN  LEE. 

THE  EFFECT  OF  CLIMATE  ON  TTJBEECULOUS  DISEASE, 

with  Notices  of  the  chief  Foreign  Pkces  of  Winter  Resort.    Small  8vo.  cloth,  4s.  6d. 

THE  WATERING  PLACES  OF  ENGLAND,  CONSIDERED 

with  Reference  to  their  Medical  Topography.  Fourth  Edition.  Fcap.  8vo.  cloth,  7s.  6d. 

III. 

THE  PRINCIPAL   BATHS   OF   FRANCE.    Fourth  Edition. 

Fcap.  8vo.  cloth,  3s.  6d.  jy^ 

THE  BATHS  OF  GERMANY.    Fourth  Edition.    Post  8vo.  cloth,  7s. 

THE  BATHS  OF  SWITZERLAND.   i2mo.  cloth,  3^.  6d. 

VI. 

HOM(EOPATHY  AND  HYDEOPATHY  IMPAETIALLY  Ap- 
preciated.  Fourth  Edition.   Post  8vo.  cloth,  3s. 

MR.   HENRY   LEE,  F.R.C.S. 
I. 

ON   SYPHILIS.    Second  Edition.  With  Coloured  Plates.  8vo.  cloth,  IO5. 

ON  DISEASES  OF  THE  YEINSrHiEMOREHOIDAL  TUMOUES, 

AND  OTHER  AFFECTIONS  OF  THE  RECTUM.  Second  Edition.  8vo.  cloth,  8s. 


DR.  ROBERT    LEE,  F.R.S. 

CONSULTATIONS  IN  MIDWIFERY,  Foolscap  8vo.  cloth,  is.  Gd. 
A  TREATISE  ON  THE  SPECULUM;   with  Three  Hundred  Cases. 

8vo.  cloth,  4s.  6d.  jjj 

CLINICAL  REPORTS  OF  OVARIAN  AND  UTERINE  DIS- 

EASES,  with  Commentaries.    Foolscap  8vo.  cloth,  6s.  6d. 

IV. 

CLINICAL  MIDWIFERY :  comprising  the  Histories  of  545  Cases  of 

Difficult,  Preternatural,  and  Complicated  Labour,  with  Commentaries.  Second  Edition. 
Foolscap  8vo.  cloth,  5s. 

DR.    LEISHMAN,   M.D.,  F.F.P.S. 

THE  MECHANISM  OF  PARTURITION :  An  Essay,  Historical  and 

Critical.    With  Engravings.    8vo,  cloth,  5s. 

MR.   LISTON,  F.R.S. 

PEACTICAL  SUEGEEY.    Fourth  Edition.    8vo.  cloth,  22s. 


MR.  H.   W.    LOBB,    L.S.A.,  M.R.C.S.E. 

ON  SOME  OF  THE  MOEE  OBSCUEE  FOEMS  OF  NEEYOUS 

AFFECTIONS,    THEIR    PATHOLOGY    AND    TREATMENT.  Re-issue, 
with  the  Chapter  on  Galvanism  entirely  Re-written,    With  Engravings.    8vo.  cloth,  8s.  ^ 

DR.   LOGAN,   M.D.,    M.R.C.P.LOND.  At 

ON  OBSTINATE  DISEASES  OF  THE  SKIN.  Fcap.8vo.cioti>,2..6</.  | 
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LONDON  HOSPITAL. 

CLINICAL  LECTURES  AND  EEPOETS  BY  THE  MEDICAL 

AND  SURGICAL  STAFF.    With  Illustrations.    Vols.  I.  to  IV.    8vo.  cloth,  7s.  6cL 
LONDON    MEDICAL   SOCIETY    OF  OBSERVATION. 

WHAT  TO  OBSERVE  AT  THE  BED-SIDE,  AND  AFTER 

DEATH.    Published  by  Authority.    Second  Edition.    Foolscap  8vo.  cloth,  45.  6d. 
MR.    HENRY    LOWNDES,  M.R.C.S. 

AN  ESSAY  ON  THE  MAINTENANCE  OF  HEALTH,  Fcap. 

OVO.    cloth,    2s.    6d,   VN 

MR.    M'CLELLAND,   F.L.S.,  F.G.S. 

THE  MEDICAL  TOPOGRAPHY,  OR  CLIMATE  AND  SOILS, 

OF  BENGAL  AND  THE   N.  W.  PROVINCES.     Post  8vo.  cloth,  4s.  6d. 
DR.    MACLACHLAN,    M.D.,  F.R.C.P.L. 

THE  DISEASES  AND  INFIRMITIES  OF  ADVANCED  LIFE. 

8vo.  cloth,  16s.   ~. 

DR.   A.   C.   MACLEOD,  M.R.C.P.LOND. 

ACHOLIC    DISEASES  ;  comprising  Jaundice,  Diarrhoea,  Dysentery, 

and  Cholera.    Post  8vo.  cloth,  5s.  6d. 
tp   ^^^^ 

^  DR.   GEORGE    H.   B.   MACLEOD,  F.R.C.S.E. 

I  OUTLINES  OF  SURGICAL  DIAGNOSIS.  8vo.  doth,  12»-.  6d. 
NOTES  ON  THE  SURGERY  OF  THE  CRIMEAN  WAR;  with 

REMARKS  on  GUN-SHOT  WOUNDS.    8vo.  cloth,  10s.  6(1. 

DR.   WM.   MACLEOD,   F.R.O.P.EDIN.  X 
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32mo.  cloth,  2s.  6d.  .^.^.^^^^ — 

DR.   SHEA,    M.D.,  B.A. 

A  MANUAL  OE  ANIMAL  PHYSIOLOGY.  With  an  Appendix  of 
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HANDBOOK  OE  DENTAL  ANATOMY  AND  SURGERY,  FOR 
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MR.  TEALE. 

ON  AMPUTATION  BY  A  LONG  AND  A  SHOET  EEOTAN-  ? 

GULAR   FLAP.    With  Engravings  on  Wood.    8vo.  cloth,  5s. 


DR.  THEOPHILUS  THOMPSON,  F.R.S. 
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LECTURES  ON  THE  DISEASES  OF  WOMEN.  Third  Edition. 

8vo.  cloth,  16s.   

DR.    UVEDALE  WEST. 
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HAND-BOOK  OF  ANATOMY  FOR   STUDENTS  OF  THE 

FINE  ARTS.    With  Engravings  on  Wood.    Fcap.  8vo.,  2s.  6d. 
j'  DR.   WHITEHEAD,  F.R.C.S. 

"  ON  THE  TEANSMISSION  FEOM  PARENT  TO  0FFSPEIN6 

OF  SOME  FORMS  OF  DISEASE,  AND  OF  MORBID  TAINTS  AND 
TENDENCIES.    Second  Edition.    8vo.  cloth,  10s.  6d. 


DR.  WILLIAMS,  F.R.S. 

PEINCIPLES  OF  MEDICINE:  An  Elementary  View  of  the  Causes, 
Nature,  Treatment,  Diagnosis,  and  Prognosis,  of  Disease.  With  brief  Remarks  on 
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VI. 

ON   SYPHILIS,  CONSTITUTIONAL  AND  HEREDITARY; 

\         AND  ON  SYPHILITIC  ERUPTIONS.    With  Four  Coloured  Plates.   8vo.  cloth,  *l 

16s.  VIT. 

A  THREE  WEEKS'  SCAMPER  THROUGH  THE  SPAS  OF 

GERMANY  AND  BELGIUM,  with  an  Appendix  on  the  Nature  and  Uses  of 
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